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ABSTRACT ' . » 

An electronic laboratory station was designed for 
student use in learning electronic instrumentation and measurement by 
means of the computer-guided experimentation (C6E) system./ The 
statron features rack-mounted electronic laboratory equipment on a 
laboratory table adjacent to a PLATO IV terminal. An iiy^^grated logic 
system behind the laborajtory instrument pangl interfaces tl^e terminal 
and dial sensdirs within the laboratory equipment vith the PLATO 
system. The Idgic interface provides PLATO with the abi^iitry to sense 
student-made interconnections between 30 terminals and the 
tudent-made settings of 22 dials on the laboratory equipment. PLATO 
ides and CGE hardware thropgh the connect;ion checks and stores the 
s for subsequent use in displays or ip instructional programs. ^ 
A complete record of the actual external interconnections between 30 
terminals of experimentation equipment is generated in less than 5 
seconds. 1 complete record of the settings of 22 dials of the 
experimentation equipiient is generated in less than 4 seconds., 
(Author/CH) w.:^ , 

Documents acquired by ERIC include many informal unpublished materiab not available firom other lourcei. ERIC makai eveiy 
effort to obtain the beit copy available. Nevertheleia, items of marginal reproducibility are often encountered and. this affectt tKe 
quality of the microfiche and hardcopy reproductions ERIC makes available via the ERIC Document Reproduction Service (EDRS). 
EDRS is not respon^le for the quality of the original document. Reproductions siipplieffBj^RS are the best that can be made from 
the original. ' ^ ^ 
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ABSTRACT 

This report , describes the electronic laboratory station designed for 
student use in learning electronic ihstrumentation and measurements by 
means of the Computer-Guided Experimentation system. The stktion is 
located in Room 248 Electrical Engineering Building and features rack-mounted 
electronic laboratory equipment on a laboratory table adjacent to a PLATO IV 
terminal. An Integrated Logic System behind the laboratory instrument panel 
interfaces. the' terminal and dial'sensorg within the laboratory equipmene\with 
the PLATO system. The logic interface provides "TLATO with the ability t^ 
sense student-made interconnections between thirty terminals and the^ --'^ 
student-made' settings of twenty-t\^o dials on the laboratory equi^jHfent. 
CGE-PLATO software subroutines enable instructors to program copiplete 
Connection Checks and/or Dial Checks whenever desired. For el/ther case, 
Plato guides the CGE hardware through the check and stores t^ result for 
subsequent use in displays or in instructional programs. ^ zomplete record 
of the actual external interconnections between thirty terminals of the 
experimentation equipment is generated in less than five sebonds. A complet^e 
record of the settings of twenty-two dials 6f^ the ^perimentation equipment^ 
is generated in less thanVfour seconds. 
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CHAPTER I - INTRODUCTION 

1,0 Characteristics of a^GE Station , 

This report describes Tthe^^ructure and operation of the laboratory 
station hardware and software designed for use in the CGE-PLATO IV ^ 
Computer-Guided Experimentation (CGE) system of laboratory instruction. 

There tare four general requirements which^may be used to characterize 
a CGE-PLATO station. First, the station must, be capable of serving the 
needs of a broad 'class of relativelly unsophisticated users, most of whom 
will be encountering a CAI terminal and electronic laboratory equipment for 
the first time. Second, the electronic instruments* and the parts of the circuit 
boards must b^ commercially ayailable general-purpose type eqaipment 
suitable for use in the variety of ways useful to introductory electronic 
laboratory instruction in electronic instrumentation and measurement3. 
Third, modifications of the instruments and circuit boards which provide 
terminal and dial sensor connections to the interface logic system should be 
relatively inconspicuous and not ch/ange the external appearance or method of 
operation of the laboratory equipment. ^For new multiple installations, the 
internal instrument modifications/should be made by their manufacturers 
prior to delivery. -Four, the loriiic system interfacing the sensors of the 

CGE laboratory equipmen,t with thfe PLATO system should be compact, accurate, 

I 

reliable, and fast operating so/ the programmed connection and dial checking 
does not significantly distract| from or impecie the student's learning and 
experimentation. 
1. 1 The CGE Research Project f 

The object of this CGE rksearch project is to demonstrate that the 
Computer-Guided Experimentation system will provide unique and worthwhile ^ 
improvements in undergraduatfe or technician* laboratory instruction, when 
properly used, by competent. Instructors. 



The CGE station consists of a PLATO IV console. Serial No. .324, 
Station No. 7-27, a CGE-PLATO Interface Logic Systemr^^iVe rack-mpunted 
electronic instruments, and various experimentation <?^rtuit'boI^s for student 
use in learning electronic instrumentation and measurements. The layout of 
the CGE station equipment is illustrated in Figure 1. A block diagram of the 
CGE-PLATO IV system is shovm in Figure 2. " ^ . 

The CGE-^PLATO Interface Logic ^System enables any instructor-author to 
program the automatic sensing of the interconnections between thirty terminals 
^n the rack-mounted equipment or on* the currently^-used circuit board and/or 
the settings of twenty-two^f the dials*, knobs, or ^switches on the equipment. 
Records of the checks ^re stored by PLATO for subsequent use as however 
programmed. 

The' CGE station experimentation equipment is illustrated in Figure ^. 
The CGE rack-mounted instruments are: » 
1 y(nalab Dual-Trace Scope Type 1120 and Plug-In Type 700 

^ Exact Function Generator Type, 251 ' ,^-^,7^^ 

/ 1 Hewlett-Packard Audio Oscillator Model 200AB • ^ 

1 Hewlett-Packard Vkcuum Tube Voltmeter Model AQOD 
1 Harrison L^b. Model 865B Power Supply. 

The CGE-PLATO^ Interface Logic System is mounted behind the instrument 
rack panel, beneathWhe' ^"unction Generator. ^ . ' . 

The automatically sensed terminals ate identified by T numbers, and, the 
automatically sensed dials are identified by D ^umbers in Figure 4. 

Actual laboratoiry experimenta are programmed by Knowledgeable laboratory 
instructors on the QPjL system. The instructor writing a program provides ^or 
the automatic sensl,r\g of terminal interconnections and/or dial settings 

: 8 
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Figure 1 The Computer-Guided ExpeTfiiientation Station. 
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DIALS AND TERMINALS^^ENSEP ON THE RAQK-MOUNTED 
' EXPERI^ENTATlll^. EQUIPMENT / : 



Figure Dials and Terminals Sensed on the Rack-HJounted Experimentation Equipmient 



wherever he deems necessary The response of the program to the fed back 

• information of the 'student *8 physical operations can be used in any manner 

/ the instructor jdevises for improving the student's learning. 
■ ' • • . * .' . • 

■f 'Each student can work independently at a CGE station and learn at hifs 

' ' ' I ' ' ' ' 

owti rate hdw to use Ithe equipment, and perform or devise meaningful experiments, 

CGE is an entijbely new instructional system, and research is required 
to develop^its teachings capabilities and demonstrate its superiority in 
^-comparison with conventional laboratory infetruction or training simulators. 
' CGE'is ilot simply a new teaching aid, it is a new teaching method with 

• unexplored and unknown capabilities • ' ' ; ' 

A student at a CGE station in' a laboratory is provided ^ifeady access to 

laboratory facilities, theoretical material, computer assistance, and ; ^ 

'6^ ^ . " ' ' ' ■ • ■ . • ' 

Instructor a:ssistance as visualized in Figure -5, 

t . ■ ^ ®. •• ■ . ■ ■ 

1.2 History oj GGE ' ' ^ . 

Q> The concept X)^ Computer-Guided Experimentation originated in 1968 from 

' \ ■ ' ^ ' ^ * • , • ■ 

. / " ditrcussions^^^o^^tHe capabilities of automatically monitoring the terminal 
' interSennections and dial* settings mad e^ by a ^student while performing an ^ 

K * ^" , ' ■ 

electrical laboratory experiment. These discussions were initiated by ' ^ 
J. p. iNleal vTith D. L. Bitzer and R. L. Johnson on 2X June 1968. 

Beginning in October 1968,. La^ry Weber worked with R. L. Johnson to 
develop and .demonstrate in January 1969 a systtera f or ^aut omatically measuring 

. and graphically displaying on'a PLATO screen the .ittterconnections between 

' ■ ••• 

foCir tierjminais/ , . »^ " . • . 

■ ■ ' ■ ' •■■^ , ' .- . ■ ^ " ' ' . 

-Also beginning in October- 1968, Tony Maher and' Rod Parks wotked with 

Neal in developing means for automatically sensing the setting^ ^f dials 

."^W-^ the terirfinaA-. interconnections of the rack-mounted electrical experimen- 

' .- • • a . 

tation equipment. A stvdy of the possible positions of ^l^^J^f dials on the • 

« . * • . ' *' t 

• . ■ ' ■' ■ ■ ^ ' *. ' 
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laboratory equipment ^revealed that twenty-fdi^r angular po$,itions evenly 
spaced at 15"* included all pos^fcttle^detented dial positions. Furthermore, - 
sensing the position of any continuously variable dial shaft to within 15**' 
would also be adequate. Therefore, a circular wafer was designed for dial 
position sensing so that it would provide a unique five-digit binary number 
for indicating each of the twenty-foui/^different dial iSettings. Trapsmission 
of this five-digit binary number electrically would require five parallel 
sensing lines from every dial. 

In a discussion on 13 December 1968, D. L. Bitzer suggested art alternate . 
scheme, namely, the use of a shaft potentiometer which would deliver a 
Sbltige proportional to the dial shaft positior^ via a single;, sensing line. , , 

Then, at a 'single point in the logic hardware, convert these analog voltages' 

, - ■ » * ^ ■ 

to five-bit binary numbers for transmission to PLATO. This scheme greatly 
simglified the internal wiring modifications necessary within the laboratory 
instruments. ' ' 

During the spring of 1969, Bob Bradley joined Neal on this project and,^. 
with the assistance of the Electrical Engineeribg Electronic^ Shop, installed, 
potentiometer units or wafers on the shafts df the twenty-two rack-mounted 
instrument dials whose positions should be monitored. Relays for disconnecting^^ 
fifteen of the external instrument terminals from the interior instrument 
circuits, were also installed so that the remote-sensing of interconnections 
would see , only those connectij^ns made externally by a student' during an *■ 

expef intent. ' * ' ^ 

^^In^^Ji^ the experimentation equipment modifications were completed, 

the Computer.-Guided Experimentation Researc4i Laboratory' (CGERL) Station -was moved 

* ' ■ * - 0 

to Room 261, Engineering Research Laboratory, adjacent to PLATO III, and 
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^.interfacing it with PLATO Iir began. In the meantime,, David L. Meller and \. » 
other students working with Neal develctped ,and programmed: scxftware^ for the ^ 
CGE** system and explored ways of prpgrammlng worthwhile electricial engineering 
laboratory experiments. 

. Thereafter, Robert Arthur and other students working with Neal 
continued to develop and cpnstruct the CGE-PLATO III Interface Logic System. 
This logic system was designed to respond to' cdmmands programmed in the^ C6E 
lessons ajid automatically measure and report to PLATO III the external 
intercoimections between thirty terminals on the ^Laboratory equipment , * and/or 
automatically sense and report to PLATO III the. settings of twenty-^o dials * 
oi]f the rack-mounted labipratory instrumentjs at the CGE station. , ' 

On 3 August .1971, the CGE-PLATO III Interface Logic System became 'Sully 
>erational. The sensing /and report to PLATO III of the thirty terminal 
interconnections was reli accomplished in thi:;ee seconds, and the 
sensing and reporting of the twenty-two dial settings was reliably accomplished 

. . ■ . j-. — ' 

in less than one second. • » * ' . 

" * f * 

^ The CGE-PLATO III interface hardware had grown to occupy four rows of 
an eighteen- iricH relay rack aitd consisted of ^bout sixty 4" x' 6 1/2" Integrated, 
clircuit boards, including eight dc power supply boards. No funils were 
avai3.able for the CGE proj'ect,-but space and materials Were furnished by^ the 
Cbmputer-Based Educational Research Laboreftory in the Eingineering Research . 
Laboratory. Student participation in the CGE project continued because of 
their interest and they were dble to earn limited academic credit for 
special problems. 

CGERL efforts continued towards the following goals: v 
1. Modifications of the logic hardware to interfaice with PLATO IV, 
soon to become operational. 
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2. Reduction in the^^ize and complexity of the CGE interface hardware'. 

3. Improvement of the use of the CGE system in guiding students to 

i ' * 

learn. laboratory work. * / ^ 

Modifications of the C^PLATO interface were iade sg^ that it could be 
operated with elttier PLATO .III or PLATO IV. The /Lftterf acl -with PLATO IV, 
Serial Wo. 118, became operatiQpal in Room 261, EngineerjLng Research Lab, 
on 25 September 1972. 

• PLATO III was bein^ , phaSed-out ^hereTQj|^\^on 23/ October ^972, the 
inter £a(^ w^^permanently modified to opere|te pnly with ^PLATO IV, arid the 
ic, boards feiecess^ry. for PLATO 1^1, were removed. 

, On 24 Oitpber 1972, CGERL and the CGE-PLATO. IV station wa6 moved 
from Room 261 ERL to Room -248 Electrical Engineering Building,- where, they 
are now located. Communication ^th the , central PLATO' IV tern. ^ 
was 'now eftablished pvier a/pair of telephone line^, Furtlie^ the 
telephone lines' ierminatei at PLATO in a site controller wlfjch communiciated 
with) the central comput^ over a high-sVeed" li'^- ^he site controllers are'* 
pro^ rammed to receive signals from stations a 1^ a rate not exceeding 



five keys/ s^eco^d. Thi/s materially^ sl^owed CGE operation. Wlj^re we had 

> , ■•'■/■•*, 

previously, completed a connection check requiring tite equivalent of 150 keys 

in 'three secpnds, a connection check now reqyired thirty 'seconds; "This was 

ai> untenable situation and it justified a complete review of the -methoTd of ^ 

operation** / / 

Another advantageous Atuation developed. In tji^ spring of 1973^ 
I * ' / » ' ^ 

solid-state switches becalhe commercially available. Use of these integrated ^ 

/ '* ^ , , 

circuit chips (Inselek l/o2) enabled Richard L. Brown, working on a Mas-ter^s /, 

thesis ^ith Neal,. to rfeplace the magnetic reed relays and multiplexing IC chips 

used in the dial ^he/ker and improve it? simplicity ^nd speed of operation. 



*A more sophisticated IC chip (Inselek LpS) became available durii^g the 
summer of 1973. The^e IC chips provided a reliably uniform low resistance in 



to replace the sixty magnetic 



the "on" position so that it became feas:i}|^e 

V 

reed relays and associated multiplexing chip$ used in the/connection checker. 
Consequently^ with the start of thq fupding of the CGE project in the 



middle of 1973, efforts were concentrated on a xromplete redesigned 

* * / ' \ . 

reconstruction of the entire CGE-PIATO /IV Interface hardware and ;^oftware. 



i9||plas Dawden, Gunther Frank, Pa^l Tliyfault and Dou|;las Zanter, working 
with Neal, accomplished this redesign J and reconstruction. During this 

i ' J} ■ / ■ ■ • 

reconstruction, terminal-^aeactivating relays were also installed for the 



^fifteen ci^uit board terminals. One breakthrough was the incorporation of 
a procedure ./for checjking one terminal or dial at a*time, rather than 
automatically reporting an entite series of checks, of all dials or all terminals 
as a blopkUperation. Thfs, jnefchoA placed th^ burden oh PLATO software for 
memory and prbCessing, and reduced the complexity of th^ hardware. 

Dojiglas C." Dowderi worked 6ut the entirely new software routines 
required and Gunther iFrahk led the i|ard^are redesign. With^ this new system, 

. only 30 equivalent keys need be sent to PLATO^ for a complete connection 

check, instead of the 150 equivalent keys previously required. Cons^liently , 

. • « " "* ■ ' 

the time for a completi^ connection check by PLATO IV was reduced from about 

thirty second^ to less than five seconds. Furtiiermore^y the more.sophVsticated ^ 

hardware system occupift4space equivalent to only foyrViC boards, instead of 

the sixty IC iJ^i^rdg, formeiJlY used with the original- system. 

^ The reducticyi in volume of the CGE hardware interface permitted to be 

concealed an<l ventilated in the rack^/supporting the experimentation insfruments 

and the separate relay rack was discarded. ' ^ 



Thife entirely new CGE system interfaced wi|:h. a new type PLATO IjV console 
Serial No. 324, became fully., operational on 3 December 1973 as Station 7-27. 
This practic*ally completed the hardware and software subroutines fo^ the 
CGE-PLATO IV Interface Logic System. Minor improvements or repairs coivtiniie 

to be la^e as needed. * * * . . 

Now, the major effort of the cGeRL grbup is directed towards testing,, 
evaluating, and improving the .insttuctional value of the CGE experimentation 
lessons. * ^ ' 



CHAPTER 2 - CGE^ HARDWARE 




2.0 List of CGE-PLATO Hardware Items 
The electronic laboratory equipment at the CGE-PLATO station is oi^ loan 

*from the Electrical Engineerings Department of the University of Illinois at 
^^rbana. The major items of equipment at the CGE-PLATO station, including 'the 
CGE-PLATO interface, are: 

Uem No, * • Item Name 

" . \ CGE Logic System ; 

1 Front Interface Logic Board ' • . 

2 / V Rear Interface Logic Board 

3 ^/ Relay Driver Boar^:^ 

^ ' Connection-Check 36f DT Relay 

5 DC Lpg4,c Power Supplies . 

Rack-Mounted Instrumet^ts ; 
. ^11 Scope (Analab Dual-Trace Scope Type 1120)* 

12 Plug- In (Analab Plug- In Type 700) ^ 

13 function Generator (Exact ♦Type 251) 

,14 Audio Oscillator (HP Model 200AB) * - 

^ . 15 ^ » Vacuum Tube Voltmeter (HP Model 400D) 

16 /* DC Supply (Harrison Lab Model 865B) 

17 . . Circuit-Board Panel-Socket 

PLATO TerfejLnai Connectors ; * 

25 * ' EXT oyt Cqrmector (PLATO console //324) 

26 ^ EXT IN Cpnnector (PLATO console #324). 

Experimentation Circuit Bo^rds^ y - . 

'31 . ^ • General purpose Board ' ' 

V 32 Resistor Board* ; . ^ 

33 RC Board / ' * - 

34 RL Board . • . ^ .J^^ ' 

35 , Impedance. Board V.^. . " 

36 Two Port Net«7ork * , 

. • . 37 Thevenin Board ' 

38 'Superposition Board " 

2.1 Modifications of Laboratory Instruments and Circuit Boards for the 
Sensing of Terminal 'Interconnections . . 

Internal to each rack-mounted electronic laboratory instrument and 
underneath each circuit board, a* sensing lead is extended from every terminal 
to be sensed. Each terminal sensor lead terminates on a pole of a 

* Numbers 6-10, 18-24, and 27-30 are unassigned. ' ' 



<3 



62RA terminal-deactivating rel^ There is one normally open contact and one 

\ 0 -1 * * 

normally\ closed contact associated with each relay pole. The terminal- 

deactivating relays for each instrument are installed within that instrximent. 

• \ • ' ' ' 

The termihal-deactivating relays^/ for the circuit boards are on Item 3, the 

Relay. Driver Board I ^ V ^ 

For the senslnrs of instrument terminals, the interior wiring to a Siensed 
terminal Is conitected to the normally closed contact of a terminal-deactivating 



•relay, a^iTzhe terminal is connected to the associated relay pole. Hence, when 
no Connection Check is in progress, the interior circuit connec t iQrTToT.th^ 
instrument terminal is closed and the instrument operates normally. 

The circuit board terminals are also connected to poles of terminal- 
deactivating .^relays. However, the normally closed contacts of these terminal- 
^deactivating relays are left unconnected. Therefore, when no Connection Check 
is in progress, the circuit bo4rds of the experimentation system operate normally. 
When an order from PLATO catises th^ CGE interface to initiate a Connection 

Check, all terminal-deactivating relays operate. First, ^ each circuit terminal 

_ ■ /, , . ■ 

'■ . ^ 

connected to a relay pole is, disconnected from the normfilly closed terminal- 

deactivating relay contact, _and tlien connected to the normally open terminal- 

deactivating relay contact. Each of the normally* open contact of the terminal- 

■ ■ <:/ " / 

deactivating relay poles are wired to poles of the CC 36PDT relay, which at this 
moment is unoperated'.^ Each of the normally closed contacts of the CC xelay are 
conne ted to ground through individual forty-seven ohm resistors. Hence, 

the operation of the termin^l-deactivation relays disconnect^ all instrument 

^ ■ " . , • ^ " ' \ " . 

sources and circuits from the experimentation circuit, then grounds all 

. • f , 

terminals of the experimentation circuit f or . the purpose of di:ssipating all 
circuit-stored energy. In other words, the .stud'ent's e^^perimentation circuit ^ . 
is deenergized. 
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The twenty- four, volt supply to the CC relay coll loops jLerially through 
a pole and normally open contact on every termlnal-djeactivatlng relay. After 
all terminal-deactivating relays have operated, the path sullplying twenty-four 
volts to the CC relay coil/ is closed and that c^lay operates. This disconnectp 
all terminal sensors from gro\md through the normally ilosed contacts of the 
CC relay and then connects all terminal sensors through the normally open 
contacts of that rei|,ay to the inputs of the L05's. This' situation remains 
until an EXT 0 or DC signal is received from PLATO, or, if CC is notj 
.reactivated by PLATO within 5.5 seconds, the CGE system will clear ' 
automatically ~ first releasing the qc r^ay,' then re3.easing all the 
terminal-deactivating relay# and rietuming the experimentation circuit to 



normal, 

2.2' Modifications of Laboratory Instruments for\the Sensing of Dial Settings 

4, Inside each instrument, for each instrument d^l whose angular position 

is* remotely sensed by the CGE Logic System, a ;Mtafer potentiometer or 

twenty-four-position rotary switch has been installed and keyed to the dial 

shaft. This wafer provides an ana^ voltage proportional to the dial position. 

Linear potentiometers are used for sensing the positions of continuously 

variable. dials. Single-pole rotary switches with discrete positions uniformly 

space ae 15° angularly are used for sensjUg the positions of discrete-position 

dials, because every discrete-position d'ial on the rack-mounted ex)[Sdrimentation 

instruments has twenty-four discrete ^positions or some ^ubmultiple of, 

.» , ^ ^ • 

twenty-four discrete positiaj^ii^^ namely , twelye, six, or three. i 

The rotary dial-position-sensing switches are made into potentiom^eters by y 
connecting equal-resistance resistors between adjacent contacts. 

All dial-position sensing potentiometers Ccontinuously or discretely 
varying) have their initial end connected to the chassis ground and the 

^ 22 

■■. ■ /■■'■• • ' 

■ . 16 



Ifinal'or high end connected to + 5 volts dc through a trim resistor. |The trim 
resistors and the intercontact re,sistors are designed to cause the n • 
position of every dial to produc^ th^ same analog sensor voltage. Tl^'e . total 
resistance of each continuously jlariable potentiometer is about 23»o6o ohms,- 
For sensing t^^enj^V-four cliscre.te positions evenly spaced angularly One 
1.000 ohitt resistor is connected between each pair of adjj^cent terminals of , 

each twenty-four position rotary switch. I"' 

■ \. ■■ » ■ . 

*^ ' ' , 

The Analog-to-Dlgital Conversions of the Df^ Sensor Voltages , are flisted 
in Figure 6. The Dial Setting Codes sensed and stored ^y">LATO for thk 
various settings of the twenty- twp sensed dials are tabulated in Figure 7. 



Figure 6. Analog-to-Digital Conversions of Dial Sensor Voltages, 



Dial 
Setting 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 \, 

12 
13 
14 
15 

16 ' 
17 
18 
19 

2b 

21 ' 
22 



Input to Pin 3, 
SN72741. Sheet 7. * 




; Volts 

0 - 
.238 
.476 
.714 
.952 

i.m 

1. 429\ 
1.667 
1. 905 
2.143 
2.381 
2.619 
2.857 
3.095 
3.333 
3.571 
3.809 
4.047 
4.286 
4.524 
4.762 
5.1 



Input to Pin 23, 
A/D Conv. . Sheet 7 * 



OutputJ of A/p Contverter 
^nd ]Report to PLATO 



* See page 27. 




/ 


/ Binary. 


Letter 


Volts 


Number 


Code' 


.469- 


<^ 

• • 00001 


• a i 


.781 


00010 


b ^ 


1.093 


00011 • 




1.406 . 


00100 1 


d 


11719 


00101. I 


e 


2.031 


00110 




2.348 


00ill : 


8- 


2.656 > 


01000 


h 


2.969 


01001 


i . 


3.281 


01010 


j x 


3.594 


01011 


• • k 


3.906 


01100 


1 . 


4.219 


01101 


m'-. 


4.513:' 


01110' 


n 


4.844 


■ . 01111 


o 


5.156 


., 10000 


P 


5.469 


10001 


q ' 


5.781 


10010 
• 10011 


r 


6.094 


s . 


6.406 


10100' 


t 


6.719 


10101 


U' 


7.031 


10110 


' V 









Figure ,7. Dial Setting Codefi. 



Letter Setting 

PLUG- IN 
Dl; B VOLTS 
D3: A VOLTS 



Letter Setting 



a * 
b 

d 
e 
f 

g 
h 

i 

j 
k 
1 
m 
n 
o 

q 



20 
50 
,109 
200 
500 
1 
2 
5 

10 

20 

50 

100 

200 



D2 : TIME 



mV Few* 



II 
II 
II 
II 
II 

! II 
II 

V 

II 
II 
II 
II 
II 



a 


10 


1 

MS 


b 


20 


II 


c 


50 


II 


d 


100 


II 


e 


'200 


II 


f ■ 


J 500 


II 


g 


'1 


ms 


h 


2 


' II 


i 


5 


II 


j 


10 


II 


k 


' 20 


II 


1 


50 


II 


m 


100 


•1 


n 


200 


II 


0 


. 500 


II 


P 


1 


s 


q 


2 


II 


r 


5 


II 


s 


. 10 


II 


■t 


20 


^ II 


u 


,50 


II 


V 


'ext 


c 



FCCW* 



FCW 



FCCW 



D4: 


B PltEAMP 




D7: 


PREAMP 




a 




FCW 


b. 






c 


+PG 




d 


-DC 




•e 


' . OFF 




f 


BALSET 


FCCW 


D5: 


SW^EP MODE 


r 


VAR. 


LENGTH* 




a . 


ARM 


FCW 


b 


*IAN^ ; 




c 


AUTO 




d 


jDRIV 




VAR. 


rAtE: 




e 


DRIV - 




f 


OF^ 


FCCW 


D6: 


TRIGGER SOURCE 



LINE ' FCW 
'^AC EXT/20 
DC EXT/20 
AC EXT 
DC EXT 
AC INT 
DC INT 

OFF FCCW 
SCOPE 
D8; Y DISPLAY 

a A FCCW 

b B 

c A&B CHOP 

d A&B ALT' 

e A vs. B FCW 

D9: X DISPLAY 



* Fully 
>* Fully 



Clock-wise 
Counter-clock-wise 



FCW 
FCCW 



FCCW 




D13: OUTPUT 



a • SWP X 5 FCW d 
b SWP c 

c EXT FCCW b 

a 
b 



SQUARE FCCW 
TRIANGLE 
SINE 
iRAMP 
INE . FCW 



\RA 

^i 



Letter Setting 

D14 ; - ATTENUATOft 
(OC & DC FCfCW) 
SQ. @ 1000 Hz 



T 



a 


6 ± 1 V 


D 


±2 ^ 


C ^ 


12 "t 2 




I'F. ± 1 


/ e 


17 ± 2 


I 


. 19 ± 2 


g 


2Q ± 1 




,2^ ± 1 


i 


22 ± 1 


' j 


23 ± t - 


. k 


24 ± 1 


! I 


1 25 ± 1 




25 ± 1 




, ^6 ± 1 




27 ± 1 




28 ± 1 


11 


. 28 ± 1 




29 ± 1 


• s" 


29 ± 1 


t 


,30 ± 1 


u 


30 ±. 1 


V 


31 ± 1 



pp 



FCCW 



D15; DC LEVEL 
(OC & D14 FCCW) 



a,b,c,d 



d 
e 
f 

g 
h 
i 

j . 

k 

1 

m 

n 

o 

P 

q 

r 

s 
t 
u 

V 



-57 
-56 



OFF - 

± 1 

± 1 

53 ± 3 

-48 ± 3 



FCW 



FCCW 



-39 
-35 
-31 
-27 
-24 
-20 
-17 
-14 
-13 
-13 
-10 
2 ± 
30 ± 
56 ± 



± 3 
2 

3^ 

1 
2 
3 
2 
2 
1 
1 
3 



+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

11 
17 
11 



FCW 



/ 



18 



Figure 7. Dial' Settin| Codes (cont.) 




Letter Setting > Letter Setting • > L^tte^ Setting 

DC SUPPLY ' ♦ . ♦ D18;. CURRENf ? * . . D20; ' RAl^QE 

D16: METER ' 

a " -V FCCW 
a VOLTS FCCW a I -.02,± .01 FCCW b 

V AMPS FCW 

D17; VOLTAGE' . 

(OC & D18 OFF) .. .,e .07,± .02 D21;' FREQUENCY 

V . / f .10 ± (OC &. RANGE x 1) 

,7 + .1 • FCCW g* .12 ± .02 ® ' . • Hz 

FCW 



V 


-.7 ± .1 




D17: 


, VOLTAGE 




(OC 


& D18 .1A5 






V 




a 


.7 ± .7 


FCCW 


b 


2.9 ± 1.5 




c 


5.8 ± 1.4 




d 


8.6 ± 1.5 




e 


. 11.3 ± 1.3 




f 

g 


14.0 ± 1.5 
16-. 3 ± 1.3 




h 


18.8 ± 1.3 




i 


21.0 ± 1.0 




j 


23.0 ± 1.0 




k 


25'. 5 ± 1.5 




;!,/ 

m 


28.0 ± 1 .'O 
30.0 ±1.0 




n 


32. 3, ±1.3 




o 


34.5 ± I.O 




P 


36.5 ± :1.0 




r 

s 


38.8 ± 1.3 
- 43.. i ± 1.3 
,43.3 ± t.3 




t 


45.3 + 1.3 




u 


48.0 ± 1.5 




V 


50.0 ± 1.0 


FCW 



DI8; CURRENT 
(SC & D17 FCCW) ' 

a -.02 * .01 FCCW 

b -.01 ± .01 

c .01 ± .01 

d .03 ± .01 



.03 ± .01 ^FCW 



D18: . 


CURRENT 


CSC Of 


Dl/ rCW; 


■ 




1 


-.02 .± .01 


b 


-^.01 ± .01 


,c 


..02 ± .02 


d 


.04 ± .02 




.07^± .02 


f 


.10 ± .02—^ 


• 

g 


. 12 ± .012 




.15 ± .02 


i 


.19 ± .02 


j 


^'22 ± .02 


k 


.25 ± .02 


1 


.27 ± .02 


m 


-.29 ± .02 


n 


. 32 ± . 02 


0 


.35 ± -..02 " 


p - 


.38 ± .02. 


i q 


.41 ± .02 


r 


> .44 ±..02 . 


s 


.46 ± .02 


t 


/. 49 ^± .02 


u 


.51 ± .02 


V 


.53 ± .02 



c 

d 200 FCW 



AUD. P^; 





Vrms 


a . 


. 1 ± 1 


b- — 


--^2 ± 1 


c 


4 ± 1 


d 


5 ± 1 


e 


7 ±1 


f 


8 f l'~ 


g 


10 ± 1 


h 


12. ± 1 


i 


13/± A 


j 


14/1 


k 




1 . 


'17 +A 


m 


19,4 1 


n 


20 ± 1 


0 


21 ± 1. 




23 ± 1 


q 


24 ± r 


r 


26 ± 1 


s 


27 ± 1 


■t 


29 ± 1 


u 


30 ±1 


V • 


31 ± 1 



FCW 



D19: AMPLITUDE .^Tx 
. (0(2 & 1000 Hz) 



3 




b 


19 ± 1 


c 


21 ± 1 


d 


22 ± 1 


e • 


24 ± 1 


f 


25 ± 2 


g 


•28 + 2 


h 


3i ± 2 


1 
j 


40 ± 3 


k 


46 ± 3 " 


1 


53 ± 4 


m / 


61 ± 5 


n 


71 + 6 


0 


82 f-6r" 


P - 


94 ± 6 


q 


108 ± 8 ■ 


: V- 


122 ± 8 


s 


140 ± 10 


t 


160 ± 10' 


u 


185 ±'l5 


. ^ 


210 ± 10 


VTVM 




D22: 


. RANGE 



FCCW . V 210 ± 10 FCCW 





Vrms- 


•sine 


a 


.001 




^ b 


.003 




c 


.oi 




, d ' 


.03 






'll ■ 




f 


•.3 


'V 


g 


1 . 

3' 






10 




j 


30 




k 


'LOO 




i 


300 






FCW' 



FCW 



An alternate"; method Is used for sensing the positions o£ switches on 
circuit boards. In those cases the switches simply change circuit connections 
and , terminals 7 of each switch are sensed like dther clrcuft terminals, and the 
terminal Interconnections sensed by th& ^[^onnectlon Check* reveal the switch 

* • »* u - , 

, positions to PLATO. " ' . . v ' 

2.3 . Schematic Diagrams of the CGE-PLATO Interface Hardwskrfi 

The ftext ten sheiets^ of schematic diagrams cover the CGE-PIATO Interface 




hardware and are sepatately Indexed^^s follows: 

^ Topic; ^ 



CGE Input from PLATO 
.The Connection. (Jhecker ^ * 
- The Connected-»T€!rmlnal Selector 
The CC Relay' . . .. 

"Terminal Sensors I » 
Terminal Set^sors -II 
The. Dial ChecTcer \ 
Dial Setting Sensors 
CGE Output to, PLATO 
Power Supplies^ : / 



* For details see Chapter^ 3 and 4. 




Sheet Nq^ 
1 
2 

3 - 
4 
5 
6 
7 
8 
9 
10 



20 

26 



CG£ INFur FROM PLATO 



0, 



SERIAL INFfUT 
E-XT OUT -,, F1-AT0 




A 

& 

OA 



Or Ogt Op Oe Od Oc Oq Qa 



Vtc 



23 



3- 


JZ 


II 


to. 


h 




7 


(? 


s 


H- 


3 


SL 


U 


IS 


lo 


11 


Zl 





/J- 

7 



Jf. 3 

) O WHO 
Bits 



Pf O? Pi> PS" pit P3 DZ-, Dl ' 

LATCH SNTH-Iod ^ '^''^ 
CLK ' ■ ■ Oifif 
QS 617 q3 QZ 



ceo »c 



lO 




1% 



'7 



A3 



Si 

7 



/3 



YV 



It 

I 

I k 



11 



4JV 



27 



7H£. COHHSCJION CHBCKBR 

z'Q ^ 



purity 



•H.C. i-S V 



CCS Of ] 




(A 

'. in 



. 1^ OBI Or 



Ik SN»tT 3 



10 



CO An 



•act /a ;eo 



/a 



'If 



f5V 



cc 

CIOCK 



74W 



CA^^ cti^ie Clip lA M 

SAT i^izBic jeZ? 



0 



Sneer 3 




i2 



Sne£r2 cf 10 



5* 




/a 



I 



it 




or 



■3 5^ 



22 <ciw — 



0000 



A CT.UP 



J^»«^ ^ Tsr' — ' 



A LMQ cr. 








IN 




c 


< 







+ SV 

CC CooH'TEff. 




29 



THE CC REl/\y 



SH9MT ^ ^C^ to. 



♦7^ H£; 




■ +5V 
CohirrtotLeD 



ERIC 



30 



S>H££T 10 



CCI 



QofirxoLUP 
SH££T H- 



cc Latch 
sneer t 




ERIC 



,31 

25 



516 tA A 



:cc3 Of 



ii 



/ 



4 



ERIC 




— 



2 



— ®r»7 



— ^ 

2®- 



~ 



— kT — 



32 



. 26 



/ 

i:tx^'M^v DC 

TeiTMit/AL, PSAcriMT'Ol/ . 



1 

to 

o 



Tik. ViALC'HBCKSK 



Sheet 1 oi» 10 



■i 



1;^ 



t « 0£t O' 



ul 
> 

8 




I MA 



z.5e TBsr 



9 



■^f ;^.Z*'i^, ra- 
pe .^nWput 
Sneer f 



V 



J- 1^ • 1 




OUT St ^-(T^p^v/i- p. 



16 



•3s >iA 



Of Zi l-^(§^-^@DZl 



ERIC 
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27 



DIAL sSBTTlUQ SENSOfZS 



(2^ 



0 
of 

0 



' 0^ 



0^^- 



VIAL 



(^—53 — 



/4C |(*r£HFHRBMcfi 



28 



34 



P/ 
D7 



P7 



T>lZ 




I 



CD 



Si I 
S ^ 

(ft ^ 



0 
vu 



CGM OUTPUT W FLA70 



Sneer ^ of 10 



/ 



^ ^ ^' i**/^ 



in 





Oz* ^ J 

Ok. - 

r-cr • ^ 



Te6T 

©ir VJ — I 



0. 



© 0. 



/A X.A IB civecor^vt^. 



20 



73 



SH WZ3D 



CO 0 Q 



/^ 



M5B . 



ERIC 



PARALLEL OUTPOT ' 
■ eXT lH'FLf\ro 

. 35 

29 ' ' 



T 



0 • 



pomK eupruBs 



SHsej 10 to 



its \fAC U Hz- 
JLii 




-I 



X 



/ 



5*— 



J— I JCVPUCMR 



-4C 



l-CJi 1.5. looo 
SVDC, I A 



AC 



COtiMoH 



• AC 



— ~w • 



CHASSIS -s 
GROUND 




36 





2,4 Descriptions oj Jjnportant Hardware-Component^ 

ThrougWut the CGE- PLATO Interface Logic ^^em, resistors, cai^citors, 
-and diodes liave been introduced to stabilize the operation^, or prevent 
transient effects that uiay damage the iiitegratei^circuit components • Every 
component used ha^ been found necessary through practical experience with 
the system.. The"" last-' modification to *the hardware' was made on 25 Ma^ 

6 ' ■ . 

\ . I * • • • 

Wd no significant CGE hardware failures have occurred since that time. 
As of 8f April 1974, complete Connection Checks and complete Dial Checks have 
been performed since 3 December 1973. 

/ce^rtain hardware components materially contributed to, increasing the speed 
. * and /reliability of the^ interface and enabled a tremendous reduction in the 
nui/ber and size of its discrete components. Therefore, it seems desiraS?le to 
reproduce the manufacturer' s descriptions of these components in this report, 

as follows: • ^ • • 

Component Vages , • 

*/ ■ ■ ' ' 

Inselek do2 SOS/MOS 8 Channel Multiplexer ' ^ 32-33 

Inselek L05 Low -Resistanbe 8 Channel Multiplexer ''^^ 

Pj^ - Econoverter • ' " / v"*'^ 

Servotron EE5S2O0 +5 V DC Supply 39-40 
LCD 2.15.200 ± 15 V DC Supply and ^ ^ 

LCD 1.5.1000 V DC Supply . . ^1-^2 



ERIC - 



37 



31 



EilliELEK 



L02 

SOS/MOS 
8 Channel Multiplexer 



GENERAL DESCRIf^TION 

The LQ2 is an 8 channel nriultiplex switch with 
output enable control and 1-out-of-eight decoder 
included on the chip. Vastly superior- characteristics 
are obtained through the unique process of fornn- 
ing SOS/MOS transistors on an insulating substrate> 
The logic input lines Of the L02 can be used directly 
wilh TTL logic levels with no level shiftfng interface ' 
required. The channel switching tirne is typically 
20 times faster, while power dissipation is only 
one tenth that for conventional P-MOS multiplexers. 



FEATURES 

• TTL Compatible Input Logic Levels 

• One-Out-Of-Eight Decoder on the 

• "High On-Off Ratio 

• Output Enable ContrpI 

• Fast Switching Time 50 ns 

• Low Power pissipatlon 

• Input Gate ProteclTOTT^ 

• Low L-eakage Current 

• Z-ero Offset Voltage 

• ±5 V Analog SiqnaKRange 
* 

APPLICATIONS A 

r 

% A/D Converters 

• Data-Transmission Multiplexing 
p Signal Selectors . 



Chip 



FUNCTION DIAGRAM 



\ ^) s S ^ ^ 



L Ii h Ii tr i Ii -^""-""' 



out^t {■till 



TRUTH TABLE 
LOGIC INfUrS CNANNEl 



L 



L 

A 

\* 
H 



2' 
L 
L 
L 
L 
H 



oc 

H 
H 
H 



•0M» 

S, 

s, 

S, 

_V 

Off 




PINCONFIGURAJION 

(16 Lead 0\Pi 




DO 



CO 00 5 



ERLC 



32 

38 



ABSOUnC MAXmUM lUTINGS 



Supply voltage Voo with respect to most positive supply voltage V^^^^; 



Control input voltages with respect to Vst 



Data input and output voltages with respect to 



Storage temperature TA 



''Operating temperature TA 



-22V 



-22V 



-22 V 



-65*^0 to +150^0 



0**C to +75*»C 



RECOMMENDED 
OPERATING VOLTAGE 

Vgg = +5VtS% 



ELECTRICAL CHARACTERISTICS (25*C) 



Vgg 5.0V. Vp^ - -.15V, ~5,0V < VoUT "^^'^^ 



SYMBOL 


CHARACTERISTICS 


MIN. 


TYP. 


MAX. 


UNITS 


TEST CONDITIONS 




Data Channel "ON" Resistance 




250 


400 




^OUT = "^<^V. louT=-l«>^^ 




Data Channel "OFFl* Resistance , 

^ 




3.0 




GO 


Vqut^ov. oe-ov.v,n--5v. 





, Output Shunt Leakage Current ^ 


i 


^. 50 


200 


pA 


Vqut^OV. oe=ov.v,^ = n.c. 


'loi 


^- ) — i 

Data Input Shunt Leafiage Current 




100 


^ 500 


pA 


V,^ =r _5V. OE =0 V. Vqut = 




t Logic Gate InpMt "Low" Level 






08 


V 






Logic Qate Input "High" Lev^l 


3 2 




V 


V 

— B i 


% ^ 

• 




Channel Switching Time 


• r— 


45 


70 


ns 


FtG. 1 




Output Capacitance 


. \ 


8.5 




pF 


Vqut - 5 V. f - 10 MHz 




^ Data Input Capaeitanc* 




2.5 




pF - 


VIN - 5 V. f = 1,0 MHz 




Power Dissipation 


■ \ 


. 50 


150 


mw 


OE-^OV < * 



FiUf. 1— SWITCHING TIME TEST CIRCUIT 



'The output transition time is a function of 
external R and C and the Ron of the se- 
lected switch 




39 

33 



University Park Plaza c 
743 Alexander Road . 
Princeton. New Jersey 08540 
Phone: (609} 452 2222 
Cable Inseiek 

y 



iMKBLBK 



7 



L05 



Lo.w Resistance 
8 Channel Multiplexer 



eiM5B.HJJ:<.nW.VJMJ.VJ 




• Low On Resistance: 
15 Ohms 

• Dual Mode: 

Sirjgle 8 /Dual 4 Channel 

• Fast: 75 nS 
Channel To Channel 

P TTL Compatible 

• Expandable: 

Output Enable Provided 



GENERAL DESCRIPTIOIM 



, The LOB is a fpwrresistance S-chahnel multiplex 
switch, witfi decoding and output-enable (chip 
select) controlsl Three address input lines are de- 
Coded to select One of the eight channels. Alter- 
natively, the most significant address line (Z^) 
may. be connected to V^q, thereby changing the 
switch mode to dual 1-put-of'4. Tbe remaining 
address lirfe^s (2* and 2^) then are decoded to 
select the desired pair of channels. 

' The TTL-compatible address and output-enable 
input buffers incorpqrafe a unique lafbh feature-, 
these input terminals retain their last logic state 
when the input terminal is floated. 

OPERATION 

^ • 1-out-of-8 Mode: Connect Output A to Output B. 
^ Apply binary address codes to the three address 
lines. ^ r 

Dual 1-out-of-4 Mode: Connect 2^ address line 
to Voo supply. Apply binary cbdes to 2' and 2^ 
address lines. 

All switches are disconnected when Output Enable 
<0E) is low. 



PIN CONFIGURATION 



Suppiv voUaqe Vgg 
Addruss ^ 
.^Output (Mytiie. 

Out(5at iB 

input Sf) 

Input S; 
Inpu! Sr,, 




m Vdd Supply vofr«iqe 

15 2*- Add«»*ss • 

ill A " Ouipui 
if) Sf hipui ^ 
iD S? Input 
13 S3 h/pul 
3 S4 Input 



FUNCTION DIAGRAM 



, MOOl \ 



<2: 



TRUTH TABLE 



CONTROL INfttTS 


A 

CONNtCtFd-. 
4 ^" 


R 

to 


il 7' 70 Of 


0 0 0 1 
0 0 t 1 
0 t 0 1 
"01 I I 

toot 
tot t 

t t 0 t 
t f 1 ) 


s\ . 




Vdd 0 0 ' 
Vdd 0 » 1 
Voo' t 0 t 
VOD ^ ' ' 


Si 

S7 
S3 
S4 


s, * 


X X X 0 







I HIGH(*V) 
0 LOIWiOV) 



PACKAGE OUTLINE 



-n n n n n n n n 



T 

.Luuuuuuuui 




ots 

.Olt 



.'•0 , 



5 

ai 

r 
o 

01 



C00238 



AUGUST 1973 



ERIC 



IIVER5ITY PARK PLAZA • 743 ALEXANDER 

34 



ROAD • PRINCETON 

40 



• NEW JERSEY 08540 



ABSOLUTE MAXIMUM RATINGS 



Supply voltage Vpp wnh respect to most positive suppl^ voltage Vgs 


-25V . 


Control input voltages with respllect to Vss 


-25V 


Data input and output voltages v^Hth^respect xo Vgs 


^ -25V 


Data (switch) currerit ^ \ 


50 mA 


Storage temperature T^y 


—DO L 10 + IDU 


Operating temperature T^^ , - 


0^*0 to + IS^'C 



ITinMV 



H05 



RECOMMENDED 
OPERATING VOLTAGES 

Vss= +5V + 5%. 



CAUTIOn\ Care in handliofl of this device is mandatory to prevent damage to the outputs due to static 
electricity. To retain the inherent high irppedance levets of the device, no protective circuitry is used at the out- 
puts. Recommendations include use of.. (conductive foam or trays fpr out of circuit handling, grounding of 
soldering iron tips, aqd device removal oV insertion only with power supplies turned off. Operators handling the 
components during test or assembly should wear grounded wrist'Straps. 



ELECTRICAL CHARACTERISTICS (25" C) Vgs = 5.0V, Vqd ^ 



-iev, -5.o>if<VouT<5.*v 



SYMBOL 

„ « 


CHARACTERISTICS ' 


MIN. 


n 

TYP. 


MAX. 


UNITS f 


TESTCbNOITIC^NS 




Data Channel "ON" Resistance 




15 • 


40 








Data Channel '*6FF", resistance 


10 ^ 


250 




mi I 


Voij^=OV, OE OV. V,^- -5V 


'to 


Output Shunt Leakage Current 




500 




'pA 1 


VouT - OV. OE- OV. V,^ - N C 


*LOI 


Data Input Shunt Leakage Current 




1 ^ 




nA '[ 


V,N =-5V, OE-OV, Vqu^-NC. 




Control Input "Low" Level 






0.8 






*CH , 


Control Input ^'High" Level 


3.2 
t- 




Vss 








Contrbl Input Load Current \ 




10 




pi 


Vc=OV 


'cR 


Control Input Leakage Current 


• , ^) 








Vc =5V 




Output Capacitance 




^^32 






VouT=5V, f= 1.0 MHz . 




Data Input Capacitance , 




8 






'V,N = 5V. f= 1,0 MHz 


— r 


Power Dissipation 




150 


40O 


'S 


OE = 0V 



.A i,ans,«nt current ot m.ximurr, v.lu. 1 6'mA occur, duf .r>g . on, to zmro tr.n.ltlon .t^l^ehj^put t.rmin.l 
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SWITCHING CHARACTERISTfCS (Fig. i) ' 

' Vss = 5V Voo = -i6y 



T^ = 25"C, 





PARAMETERS 


7 LIMltS ^ 


UNITS 


/MIN. 


TYP. 


MAX. - 


«cc 


Channel to channel switching time 


< 




75 


150 


nsA^ 


'EC 


Enabte to channel switching time 






50 


150 


nS 


'oc 


Disable to channel sv\h^ching time 


-n- 




75 


150 


nS 



4i 



35 




ADDRESS STABLE 

FIGURE 1 
SWITCHING TESTS 




' - V,N - VOLTS 

^ ~ ' ■ FIGURE 2 

^ TYPICAL ON RESISTANCE VERSUS ANALOG - INPUT VOLTAGE 

ERIC ' - ' 3, 42 



DATEL 

, SYSTEMS, INC. 




ANALOe -TO-DieiTAL 
CONVERTER : 

ADCECONOVERTEB 



A, 



■ \ / 

Datel STystems has achwved >q major 
breakthrough in Analog to Digital con 
verter design by use of a proprietary . 
measuremeht technique and state~of the 
art packaging fabricapOT. The Econo 
verter is complotetv self cogtained in a 
mrniatuctt plastic caso treasuring 
2 - X 2 ' X .375 "; ^ 

Simplified operbtton, small si/e, and low 
cost make this corwerter ideally suited 
to OEM applications. Market area$ in 
dude * avionics, automatic semi 
conduct9r test equipment, computer. 
equi()ment, process control, geophtysical 
instruments, medical electronic instru^ 
, ments/systems, oceanographic. instru 

• ments, data transmission or any require- 
ment where high resolution is, not of 
prime importance, 

Econoverter is availabl^ with six bit- 
resoKitiori with a digitizing speed of 50 
•^sec for a full scale input excursion and 
IS proportionally faster for less than full 
scale inpiits. Analpg input voltage range 
can be either unipolar (OV to +5V or OV 

• to +10V) or bipolar (^2.5V or t5V) by 
means of externally programming the 
unit via pin strapping. Overall accuracy 
IS adjustable to t 1/2 LSB. Output 
digital coding is straight binary for 
unipolar inputs and offset binary for 
t)ipolar inputs. 

The Econoverter is adjustment free 
over an operating temperature range of 
0° to +70"C and has a temperafture^ 
coefficient of tlOO ppm/°C with long* 
term stability of t0.1%/year: All digital 
inputs and outputs are compatible wlth^^ 
standard TTL/DTL logic tevels. Input 
power requirements are +5\/DC @ 80 
ma, f15VDC @ 15 ma, and •-15VDC@ 
5 ma. 

Econoverter is fully encapsulated and 
features dual in line pinning compati- 
bility, .100" grid pin spacing. 
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20KHZ lt/D CONVERTER FOR UNDER $30.00 



FEATURES 

□ Low cost . 



$20.05 single quantity 

□ Small si/e , . . r. , '1 .6 cubic irH;hes 

□ Low power consumption. .... ^ ... ,^ 0.7,vwatts 

□ Programmable input ............ T. Unipofar or bipolar 

□ Fast •conversion rate 20 KHz, 6 Bit resolution 

□ Self cor^tarned Simply apply D.C. power 

□ Excellent long terrxj stability ±0.1%/vear 

□ pEM designed Generous discounts available 

• V ^ 

B LOCK DIAGRAM - ADC ECONOVERTER 



f Utt SlAll/^TV- 
ADJUST VV^ 



bTAHT 
I ONVl 



/I- 



0 ACONvinun 







m 

^ .3 











{ lOCK 


OAtI 


CONTHOl IOCjK 









L 0 ...VIM 



-VJy tf.tATt)St 



SI I) I At 
tPU! 
Hit HNAi 



|V|ECHANtCAL DIMEIMStONSJNCHES (METRIC) 



INPUT/OUTPUT 
CONNECTIONS ^ 



2000' 

n 1 lcm> 



SIDE 
VIEW 



I/O PINS 
020 OIA 

1 5mm) 



=7 



100-^ 

(2 5 11 



. 1 800 
(457cm) 



-1 



U25( 
(6.4i 



250 

Mmm> 
MIN 
375 (9.5mm) 



• 17 - 

• 20 

• ^^ - 



.22 

• 23 

• 24 



BOTTOM 
VIEW 



1 • 

2 • 

3 • 

4 • 

5 • 

'i 

8 • 



• 2 000f7 llcm)- 



- 2 000 15 08cm) 
r 1 850 



7 SPACES 
AT 100 EACH 



850 
750 



.350 
250, 
150^ 

"0" 
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FUNCTION 



EO.C (STATUS) 



OFFSET CONTROL 



START CONVERT 



INTERNAL CLOCK OUT 
(SERIAL OUTPUT) 



BIT 1 ttUT (MSB) 



BIT 2 OUT 



BIT 3 OUT 



8IT4 OUT 



BIT 5 OUT 



BIT ft OUT (LSB) 



♦5V POWER INPUT 



»15V POWER INPUT 



-15V POWER INPUT 



POWER gROUND _ 



F.S. ADJUST 



ANALOG GROUND 



ANALOG INPUT 2 



ANALOG INPUT 1 



\ 



ELECTRICAL 

AiMlofl tnpul «oltH* ' 
«n«l ; 



VOLTAGE 
RANGE 


INPUT 
PIN 


JUMPER 
PINS 


OV to ♦BV * 


2d 


22 to 24. 
2 to 20 


OV to ♦10V 


24 


22 to 23. 
2 to 20 


t2.BV y 


23 


22 to 24. 

2 to 17 






22 to 23. 
2 to 17 



Inpul imptdjno* . 

Input ovtrvoltaft . 
Stan of cofivtfilofi 



Outputs: 

Parallal output d^t/ . 



Output coding . . 
End of conversion 



output) . . 



. Input pin 23: '2.4K Ohms 
Input pin 24: 4^K Ohms 
. t20V 

. 2Vmin.to5.5Vmax. 
Positive pttls« with duration of 100 
niac min. Risa and fall timts <500 
nsac 

Laading tdgt rasats convartar. 
Trailing adga initiates convarsion. 
Loading: 2TTL loads 

. 6 parallal lines of data held until 
next converitoh command. 
V out r*0"J^.*O.4 
V ^ ^ V^ournt**) > +2.4V 
'Wach output capable of driving up 
to GTTLIoads. " 
. Straight binary (Unipblar inputs 
Offset binary (Bipolar input F 

V out ("0") < +0.4y during 

conversion ' ^ 

V Qpt ("1") > +2.4V conver- 
^sion compliBte 

Loading up to 6 TTL loads. 
NOTE: End of 'conversion output,., 
' will remain at logic '*0'* if ana- 
log input exceeds the positive 
full Scale voltage. 

. Pulse train. 50% duty cycle (TTL 
logic levelsK Each negative transi- ' 
lion, indicates ona count, up to 

• 63 counts. » 




Parformanca: 

RauMution One part in 64. 

Unaarity* t 1/2 LS8. 

, Full scale accuracy .... t 1 LSB. 

NOTE 1 : The +15VDC powvar 

supply input is used as , 
tha ralaranca voltage. 
Therefore, tha F j5. vol- 
> . " taga is dirf ctly*propor- 

tipnai to this voltage. 

NOTE 2: The full scale accuracy 
can be improved by ax^ 
tarnal trimming. 
To reduce tha F.S. vol- 
tage connect a trim re* 
^ ^ sistor from pin 21 to pin 
> ^ 18. • * 

To increase the F.S. vol- 
^ ^ taga connect a trim re- ^ 

^ sistor from pin 21 to 
; • • pin 22. Trim resistor 

range 50K to 2 Meg. 
Long term ttability . .\. i0.1%/yaar ' 
Tamparatura coefficient*] tl00ppm/°C 
Encoding time .,..../ Min: 0.5 jusec (zero scale)- 

^ . .M\tex: 50 /isac (full scale) | . ' 

Reading rata Up to 2(^.000 samples/sec. for full V 

0 .soUT^oportionally faster for less V 

(tfiin F.S. inputs. > ^ - . 
Inpux power ^ 

raouirements -M5VDC. lOJSVDC ^ 15 rfia max 

^ • ^ r-15VDC.iO.5VDC© 5 ma max 

- . +' 5VDC.±Q.25VDC©80mamax , 

PHYSICAL-ENVIRONMENTAU - 

Operating tfmp. range. . . 0° t6'»-70^C 

Storage tamp, range . . . . --55°C to +85''C . 

Relative humidity , Up to 100% non-condensiing 

Size . . . f 2"6y X T\L x^t).375 'H 

Pine. 0.020V round gold platedf. 0.250" • 

♦ long'min. ^ ^ » ' ' 

6asa material . . . w . . Black Diallyl Phthalete.^ 

Ml L-M-1 4. Qonverters fuliT repairable 
l^WMght 4oz. max. 

Mating Socttet ^ Dl LS-2. 2 Req'd. per module. $5/pr. 



ORDERHMG INFORMATION 



MODEL - ADC ECONOVERTER 

UNIT PRICE . . . $29.95 ea. " 



OUTPUT COOfNG 


FOR ECONOVERTER , 




ANAtOC IN^UT 


OrrsCT •INARV 


ANAl.O« tN^UT 
RANte 

CO TO^iOV. rtf 


STRAItHT •INARV 






♦ 4.94 


1 1 1 1 M' 


♦ t.t4 


1 1 1 t 1 < 






♦4.37 - 


1 1 1 1 00 


♦ •.75 


M 1 QOO 






♦3.75 


1 1 1 000 


♦ 7.50 


t t'O'OOO 






^♦t.50 


1 1000 0 


♦ 5.00 


T 000 00 






0.00 


1 0 0 00 0 


♦ 2.50 ' 


0 t 0000 






-a.so 


0 1 qooo■ 


♦ 1 .29 


00 1 000 






-3.7S 


o 0 ) 0 00 


*. 0.00 


000000 






•4.37 


0 00 100 










-4.t4 


0 0000 t 










-5.00 


ooodoo 












• * 


♦ * 



IfUlL «C«t7t 








\ .OLt*Ct "* 


/ 1* 

^ ' ' - ,1 






b 0»<fyT VOLTAGE VEHSUS CONVE«S«ON TIME 



PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE^ 

SYSTEMS, INC: 1020 turnpike street, canton, mass. 02021 tel. (617) 828-8000 . TWX: 710-348 01 3Ei!> TELEX: 924461 
giNTED IN U.S.A, C0PYRIGHT©1974, DATEL SYSTEMS. INC. ALL RISHTS RESERVED 4/74 Bulletin AECCT15404 
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ICOMOf^iY EtJCAPSUUHD 
IKSE TO DC 
REGULATED POWERS SUPPUES 



• 

SERVOTRON'S EE SERIES of regulated power supplieswas.de- 
signed to provide the "power fit" in performance, prfce and 
packaging for the new, lo* cost LED, MOS, TTL,'DTL,.D-A Con- 
verters, Functioa Modules and Operational Amplifier?. 

•WOULD XpUBELI&VE??? • 

Regulated iO.25%) dual and sifigle outputs ... 
^\ Compaict {2" i 2".x -875") modular packaging . . . 
Priced at $12** jn unit quantities ... 

UI^BELIEVABLE?. BUT TRUE! 

Sf^EpJAL FEATURESr . 

$9.97^* (IKquantltite) 

• Short Circuit Protected 




1 



ERVOTBON 

CORPOR ATION 




• Miniature Size 

• No Derating Over Specif iod Temperature Range 



SPEQIFICATIONS: 



MODEL 



EE5S200 



EE12D25 



Output Voltaye 



Vdc 



±12' 



EE15D25 



± 15 , 



Output Current 



mA 



200' 



25* 



25' 



Regulation 



Line (105-125 Vac) 



.25%' 



Lo^d (0-100%) 
Rippfe and Noise mV,rms 



.25%* 



Temperalure.Coefficient 



/6q 



.02% 



Warm Up Drift 



, mV 



15 



Output Voltage. Tolerance (Factory sat) 



+ t% 



Input Voltags and Frequency 



105-12^ Vac, 50-440 Hz 



Operating Temperature 



- --25t0 + 7l0C 



Storage Tempei^ture 



-25 to +8500 



it: 



Case pimensio ns (S^otr on SC^3 Outline2^ 
Connecting Insti'uctions' ^ . 



2" X 2" X .875" 



SC-3A 



SC-3B 



Price 



(1-99) 



(1 K) 



$14.b0 
$11.7f* 



$12.00^ ' 



-SC-3B 
$12.00 



$9.97 



ERIC 



* indicates maximfm ip3cification&. 



**For Dual Output Modt-ls. 



39 



45 



Oati»*5hcet ^E-7t50 



• OUTLINE DIMENSIONS 
SERVOTftON SC - 3 OUTLINE 




.in- 



BOTTOM VIEW 

NOTE: 

1. FIVE PINS .046 DIA. x .250 LG. MIN 



CONNECTING INSTRUCTIONS 

SINGLEOUTPUT MODELS 

SERVOTRON SC-3A 
CONNECTING INSTRUCTIONS 

PIN % ac input 

2. ac input 

3. -Vdc output \ 

4. No connection 

5. >Vclc output 

DUAL OUTPUT MODELS 

SERVOTRON SC^SB 
CONNECTING INSTRUCTIONS 



PIN 1. 
2. 
3. 
4. 
5. 



ac input 
ac input 
—Vdc output 
Common 
' f Vdc output 



OPTIONS: (Add as suffix to part number) 



7 



E Input, 200 to 240 Vac, 50 to 440 

($2.00 additlQual charge, 1-99) 



ORDERING INFORMATION: 



Prices are F.O.B. Haverhill, Mass. Terms 
are^ net 30 days to accounts that have 
established credit with Servotron, Orders 
of ^ess than $25 with accompanying 



remittance must include $1.00 for'trans-^ 
portation* coh. Orders of less than 
$25 without accompanying remittarfce 
will be shippedlc.O.D. > 



ERLC 




X BOX 292 HAVERHiU, MASSACHUSETTS 01830 ■ TELEPHONE (enj) 374-0777 

40 46 



QUTLrME DIMENSIONS 



190 ^ »• I 700 

U 2 00 •< 




ncaosL 'Od Series 





Fig. 1 



Fig, 2 



SQ 
P741 
DPS 
LCD 



LOW COST MINIATURE POWER SUPPLY SERIES 
WITH BETTER THAN AVERAGE REGULATION 



INPUT VOLtAGE AND FREQUENCY: 

105 to 1 25 Vac - 50 to 440 Hz 

RIPPLE AND NOISE (PARD): 

tmVrms 

TEMPERATURE COEFFICIENT: 

0.02%/**C-tvpical 

OUTPUT VOLTAGE TOLERANCE; 

Factory set at ±1% (fixed) 

OPERATING TEMPERATURE RANGE; 

-25**C to +^71**C 

STORAGE TEMPERATURE RANGE: 

-25**C'to +85**C 



• SHORT CIRCUIT PROTECTED 

• NO DERATING UP THRU +7rC 

• COMPACT SIZE' 

• ECONOMICALLY PRICED 

• FLEXIBLE MOUNTING PINS • 



/ 



• •5 ■ 
t t 



OUTPUT 
VOLTAGE 
Vdc 



OUTPUT, 
CURRENT 

AfiA 



REGULATION 
LINE LOAD 

% %' 



PACKAGE 
SIZE 

fig. 



UNIT 
PRICES 
19 



"T 

T5 

t * 

to 



t t 29 
22 



Fig. 3 



CONNECTING INSTRUCTIONS 

SINGLE OUtPOiTS DUAL OUTPUTS 

P'N 1 ACin PIN I AC.M . ^ 

? ACm 2 ACin 

i Vdcoul 3 -Vdc out 

4 No Connection 4 Common " 

5 ♦Vdcotil 5 Vdc out 

6 High Isolation 
*J' Option only 

noinnisis: See Page 11 For Details 

ERIC 





5 


" 200 


0.25 


0.25 


1 


$19.95 


802.12.30-^^^ 


- i12 


± 30 


0.25 


0.25 


1 


19.95 


SQ2. 12.50 


112 


± 50 . 


0.25 


0.25 


1 


28.95 


SQ2.15.30 


+ 15 • 


± 30 


0.25 


0.25 


1 


19.95 


SQ2.i5.50 


±15 


± 50 


0.25 


0.25 


1 


28.95 


P74 1*50058 


5 


500 


' 0.20 


0.20 


2 


$29.95 


P74M0J2 


±12 


±100 


0.20 


0.20 


2 


39.95 


P74M015 


±15 


. ±100 


0.20 


0.20 


. 2 


33.95 


DPS 1.5. 1000 


5" 


1000 


0.50 


0.50 


3-B 


$29.95 


4.CD 1.5.500 


5 


500 


0.20 


0,20 


3A 


$37.95 


LCD1. 5.1000 


5 


1000 


0.20 


0.20 


3-B 


49.95 


LCDZe.^O 


±6 


± 50 


0.20 


0.20 


3-A 


43.00 . 


LCD2.12.100, 


±12 


±100 


p. 20 


. 0.20 


3A 


45.00 


LCD2. 12.200 


±12 


±200 * 


• 0.20 


0.20 


3^B 


59.95 


LCD2.15.25 


±1S 


± 25 


0.20 


0.20 


3.A 


19.95 


LCD2. 15.50 


±15 


± 50 


0.20 


0.20 


3A 


35.00 


LGD2. 15.100 


±15 


±1Q0 


0.20 


0.^20 


3.A 


45.00 


LCDZ15.200 


±15 


±200 


0.20 


0.20 


3-B 


59.95 
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Other Models Available Upon Request. 



2.5 Item Wlrdng, Records and Parts Lists ^ 

^^^e wiring lists and parts for the CGE-PLATO Interface Items, listed 
Section 2.0 above, are reproduced on the folluwiug pages. " 



CGS^OGIC BRD - FRONT 



Part 
Date 



Item Name 

1 44-QBintact Vector Plugbord Receptacle Type R*-644 ($2.62) 
1 March 74NBy' J^I^.Neal 



Item No« 



Connected Item 


This Item 


Use 


No. 


Pin 


Cable Wire 


Term 


Chip 


GRD 






Chassis 


A 




-15' 


5 • 


4 


GN (Blk) 


B 


72741 
4 


NC 








C 


- • 


NC 








D 




NC 








E 




NC 








■ F 


f 


NC , 








H 




NC 








J 




NC 








K 




NC 








I. 




+15 


5 


5 ' 


Red (Blu) 


M 


72741 
7 


C6E 
leady 


2$ 


10 


Red (Bik) 


N 


74123 
C/12 


f 


26 




Or a (Blk) 


P 


7450 
A/6 


2* 


26 


2 


Yel (Blk) 


R 


7*450 
B/« 


1} 


26 


3 


Blu (Blk) 


S 


^45y- 
B/6 


-p- 


26 


4 


Wh (Grn) 


. T 


7450 
C/8 


2' 


26 


5 


Wh (Blk) 


U 


7450 
C/6 


Test 
bit 


26 


7 


Brn (Blk) 


V 


7404 
A/12 


D16 


16 


,3 


Red 


w. 


L02 
C/12 


E17 


16 


4 


Ora 


X 


X02 — 

c(n 


D18 


16 


5 


Grn 




L02 
C/10 


T30 


4 


N.O. 
30 


Red (Bm) 




L05 
D/6 



Connected Item ' 


This Item 


Use 


No. 


Pin 


Cable Wire 


Term 


Chip 


+5 


5 


1 




r 




+5 
Fit. 


5 


2 


Red (Bm) 


2 






N.C. 




- 


3 




DATA 


25 


1 


Red (Blk) 


4 


7404 
B/1 


CLK 


25 


2 


Grn (Blk) y 




7404 
B/3 


WE 


25 


3 


y 

Wh (Blk) 


6 


7404 
A/1 


NC 




\ 


• 


7. 




NC 








8 




NC 








9 




NC 








10 




NC 


• 






11 




NC 








12 


• 


OV. 
FLT. 


5 


3 


Brn(Rd-Brn) 


13 




CC5 


4 


POLE 
36 


Yel (Red) 


14 


74123 
B/2 


CCl 


3' 


C 


Red (Yel) 




7411 
C/12 


+5 




♦ 


• 


16 




DIO 


13 


3 


Blu 


17 


B/10 


DU 


13 




Ora 


18 


L02 
B/9 


D12 


13 


5 . 


Grn . 


19 


LQ2 
B/8 


D13 


13 


6 


Grey 


25 


uyi 

B/7 


314 


13 


7 


Blk 


21 


L02 
B/6 


915 


13 


8 


Wh 


22 


L02 
B/5. 
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CGB LOGIC BOARD - BACK 



Item Name 

PART:. 1 44-CONTACT VECTOR PLUGBORD RECEPTACLE TYPE R-644 



Item Ifo. 



.ER?C 



~ Connected Item 


This Item 


Use 


No. 


Pin 


Cable Wire 


Term 


Chip 


# 


NC 






A 


"'fi 


D8 


II 


2 


BRN 


B 


L02B 
12 


D9 


11 


3 


BLU 


C 


L02B 
11 


D19 


14 


3 


GRAY 


D 


L02C' 
9 


D20 


14 


4 


WH 


E 


LOZC 
8 

L02C 


D2I 


14 


5 


VIO 


F 


7 


D22 


15 


3 


GRN 


H 


L02C 
6 


T15 


4 


NiO. 
15 


YEL CRED') 


J 


L05B 
5 


T16 


4 


N.O. 

16 


RED (YEL) 


K 


L05C 
12 


T17 


4 


N.O. 

17 


RED (BLU) 


L 


L05C 
11 


T18 


4 


N.O. 

18 


BLU (RED) 


M 


L05C 
10 


TI9 


4 


N>0. 
19 


WH (GRN) 


N 


L05C 

9: 


T20 


4 


N.6. 

20 


GRN (WH)' 


P^ 


L05C 
8 


T2I 


4 


.N.O. 
21 


RED (ORA) 


R 


L05C 
7 


T22 


4 


N.O. 

22 


ORA (RED) 


S . 


L05C 
6 


T23 


4 


N.O. 

23 


BLU (GRN) 


T 


LO§C 
5 


T24 


4 


N.O. 

24 


GRN (XTR) 


u • 


Lp5D 
12 


T25 


4 


.N.O. 
25 


BLU (BLK) 


— r 

V 

-L 


L05D 
11 


T26 


4 


N.O. 
26 


BLK (BLU) 


w 


L05D 
10 


T27 


4" 


27 


YEL (BLK7 


A 


L05D 
9 


T28 


4 


N.O. 
28 


BLk/ (YEL) 


Y 


L05D 
8 


T29 


4 


N.O. 
29 


Y>m (RED) 


Z 


L05D 

7. 



45 

51/ 



Connected Item 



Use 



Dl 



D2 



D3 



D4 



D5 



D6 



D7 



T2 



T3 



T4 



T5 



T6 



T7 



T8 



T9 



TIO 



TU 



T12 



T13 



T14 



No. 



NC 



12 



12 



12 



12 



12 



12 



12 



Piii 



12 



N.O. 

1 



N.O. 

2 



N.O. 

3 ' 



N.O. 

4 



N.O. 

5 



N.O. 
6 



7 



8 



N.O. 

9 



N.O. 

10 



N.O. 
11 



N.O. 

12 



N.O. 

13 



N.O. 

14 " 

'I 



Cable Wire 



WH 



GRAY 



RED/GN 



RED /YEL 



RED /BLK 



TAN 



YEL 



BRN (BLK) 



BLK (BRN) 



ORA (BLk) 



BLK (ORA) 



RED (WH) 



WH (RED) 



RED I BLK) 



BLK (RED) 



BLK (WH) 



WH (BLK) 



GRN (BLK) 



BLK (GRN) 



RED (GRN) 



GRN (RED) 



This Item 



Term 



L05D 



LQ2A 
11 

10 



IL02A 
9 

8 



IL02A 

7. V 



IL02A 
6 



10 



11 



12 



13 



14 



15 



Chip 



IL02A 
5 



IL05A 
11 



IL05A 
10 



IL05A 
9 



IL05A 
8 



IL05A 
7 



IL05A 
6 



16 



t05A 
5 

12 



17 



tL05B 
11 



18 



t05B 
10 



19 



. .20 



21 



22 



[.05B 
9 



E05B 
8 



I.05B 
7 



^05B 
6 



PARTS LAYOUT 
CHIP SIDE* 

part; t 4«/2" X 6V2" Vtctof 838 WE-IGN IC BoQrd, 
30 16 pirf^ O.UP tocktti 
2 Adjuttabit POT. ^ 



ITEM 1 



BOARD 2 



BOARD 1 



ADJUST 



)L05A^ 



)L05B^ 



) LOStf 



) L05A 



>L05B 



^LQ5C 



>L02A 



7476 



li 

£7411] 



L02C 



RC 
CHIP 



>7408 



7404A 



)74I93A 



) 74164 





>7404B 



)7450A 



>727I0 



►L05D' 



L05D 



)L02D 



1)^402 



>74I23b| / |)74I23c| ||74I23D ^74I93B 



)7450C 



)7450B 



SEE ITEM 2 LAYOUT 



JLT 

22 



Chip side 
of RC 
socket 



ERIC- 



16 
O 




CHIP ELEMENTS 
74123 C 74123 B 74123 A 

6 14 6 14 6* 14 
15 



/nC2 ^1 ^C2 tC2) 



O 

2 






R1 


CI 


R2 


C2 


74I23B 




6.8;tF 




.Ol/iF. 


74I23C 




•OI/iF 




.OI^F 


74I23D 


22<fe 


.OI^F 


22^ 


6.8 ^F 



6. «v? 
fytoo 73 



C VCR VOLjAC^fr pRo r^c Tf^f< 




((,0 JoTAl) 



r 




— CO—' 



OhiA^ " 



Ten /»'»/»/ /i; t c or^H e < t/ ' -v, ilrii/ 



TOTAL Cd^fi^fZ CC TP.!<MitlAl.) 



ERIC 



53 

47 



REUY PRIVER BOAHD - / ' 3 

Item Name . Y Item No, 



gate 4 DEC, 73 By JPN 



"/ " ^ -Connected Item 


This Item 




Connected Item 


This Item' 


Use 


No. 


Pin- 


Cable Wire 


Term 


Chip 


Use 


Nb-.i 


Pin 


(Itole Wire 


Term 


Chip 


24V 
AC 


5 


8 




A 




24V 
AC 


5 


7. 


■ ^ 


1 




CC2 
24V 


12 
13A 


14 
8 


14/8 

15/8 '16/8 


B 




SND 








2 


• - 


CCl 
5V 




15 


,RED <YEL) 


C 




CCl 
24V 


12 


13 


BLU 


3 




Tl 


4 


POLE 
1 


RED 


D 




Tl 


17 


\ 




' PINK 






T2 


4 


POLE 

2/ 


WH 


E ' 




T2 


17 


2 

• — 


WH , 


5 




T3 


4 


POLE 
3 


BLK/WH 


F 


< 


T3 


17 


3 . 


GRAY 


6 




T4 


4 


POLE 

4 : • 


BLU/BLK 


H 




T4 ' 




4 


VIO ^ 






T5 


4 


POLE 
5 


ORA/BLK 


J 




T5 


17 


5 


BLK 


8 




T6 


4 


POLE 
6 


bRN/WH - 


K 




T6 


17 


6 


YfiL 


9 




T7 


4> 


PpLE 
7 


GRN/BLK 






11 


17 


7 


BRN 


10 




T8 


4 


POLE 
8 


RED/WH 


M 




T8 


17 


8 


BLU 


11 




T9 


4 


POLE 
? 


BLU/WH. 


N 




T9, 


17 


9 


TAN 


12 




TIO 


4 


POLE 
10 


GRN 


P 




TIG 


17 


10 


. \ ■ 
GRN . 


13 




Til 


4 


POLE 
11 


RED/BLK 


R 




Til 


17 


/ll 




GRN/RED^ 


"^14 




T12 


■ 

4 


POLE 
^2 


WH/BLK 


S 




T12 


17 , 


A2 




YEL/RED 


15 




T13 


4 ' 


POLE 
13 


BLU 


T 












16 




T14 


4 


POLE 
14 


BLK 


U 




T14 




14 


BLK/RED. 


17 




T15 


4 


POLE 
15 


OR 


V . 




T15 


T 


15 


ORA 


18 












W 




CC3 
24V 


/ 

13A 


9 


SLATE 


19 








% 




X 






NC 






20 




:ONTR 
GRD 


OLLED 
4 


COIL 
2 


RED (BLK) 


Y 






> NC 






21 




CC 

J^TCH 


4 


POLE 
31 


BLK (RED)' 


Z 






NC 






. 22 





RELAY DRIVER BOARD PARTS LIST 



i Vector No. 3662 6,5" x 4,5" Plugboard 
1' Vector R644 PC Receptacle 



1 RCA 2N2270 Tran&istor 
1 Int. Rect. IR 18DB2A, F.W. Rectifier 
SOO 1 watt, 5% resistor 



1 Int. Rect.. 1N270 Diode 

1 3 mF capacitor ^ 

1 11.5/25.2 V transformer 

1 Sigma 62R2-24 V Relay ^ 

5 Sigma 62R4-24 V Relay 

1 Sigma AD- 22 Relay Socket 
Sigma AD-;24 Relay Socket 

1^ QN-OFF power switch with pilot' lamp 



Item 3 . 

15 October 1973 



55 



49 



: CC REUY - POLES & COIL 

Item Name *> 

Datel MAR 74 By JPN 



i 





■ ( 


3oiincc'Lcd Item - 


This I torn 


Connected I ton 


/i"his Icon 


Dsc 


, No. 

i3A 


Pin 


Cable Wire 


Term 




■ Use 


Ko. 


Pin 


Cjblc Wire 




T23 


5 


BLU 






Tl 


3 


D 


RED 


1 


• • 


T24 


ISA 




iiio 


.24- 




T2 


3 - 


E 


WH 


2 




T25 


16 


7 


WH 


' 25 


• 


4 ■ ■■ 

T3 . 


3 


F 


BLK/WH 

1 


.3 




T26 


16 


6 


B RN • 


lb 




T4 


3 


H 


.BLI//BLK • 


4 




T27 


lA 


6 

7 

6 


RED 


27 
•28 




T5" ' 
T6 - 


3 

3^ 


J 
, K 


ORA'/BJLK 


. 5 
6 . 




^ 


T28 


14 


BLK 




GRN/WH . 


T29 ° 


15 


BLK 


• 29- 




T7 


3 


L** ! GRN/BLK 


^7 


• 


T30 


15 


7 


RED 


. 3Q 




'T8 


3 


M 


RED/WH 


8 




CC 

LAXCl 


3 




BLK (RED) 


31 




T9 


3 


■ N 




9 






"i 






32 




TIO- 


% 


P 


CRN ' 


10 


• 




j ■ 






33 


^ T- 


TIL 


3 


R 


RED/BLK 


11 












34 




T12 


3 


S 


WH/BLK 


12 












35 




T13 


3 


' T 


' t ^ 

BLU 


13 




CCS 


1 * 


14 


YEL 


3$ 




T14 


3 


U 


BLK 


14 






T15 


3 


V 


OR 


15 


/■ 






RE 


LAY COIL , 


fl6 


12 


9 


YEL 


16 




CC4 


16 


9 


^ CRN 




IEP170 


T17 


12 


10 


GRAY 


17 " 




CNTRI 
6RD 


- 3 


:y 


RS) (BLK) 






T18 


12 


11 


ORA 


■ 18 










1 


T19 


13A 


1 


WH 


19 
















T20 ■ 


i3$r~' 




y \ 

CRN ■ 


2Q 














■ / 




13A 


3 


RED 


21^ 










- — ^ — 






111 


13A 


4 V 


ORA 


22 





^ ' 50 56 



4_ _ 

Iteia No. 

SHEET 1 OF 3 



CC RELAY tJ.C* CONTACTS 



ItemUkme Item No, 

SEE NOTE BELOW * SHEET 2 OF 3 

bate 1 MAR 74 By JPN^ ' . ■ ' " ' ^ 



Connected Item 


This Item 


Connected Item 


This Item 


Use 


No. 


Pin 


Cable Wires 






Use 


No. 


Pin 


Cable Wire 


Term 






:rd 






23 






GRO 




47fi 


1 
















24 








t 








• 2 
















25 
















3 
















26 
















4 

















27 
















5 
















28 




^ 












6 














\ — 


29 




V 








* 




7 






\ 


f 


/ 


\ 


/ 


' 3Q 










V 






8 




t. 




* 




31 




f 










V ' ■ ' — 


. 9 












32 








I— 








10 












33 
















11 












34 
















12 ~ 












35 
















13 


i 


GRD 


chaJs 

OS 


SIS 

D 




36 . 






* 


» 






1 


14 








\ ■ 






- 




* 








• 


15 




ft ^ 




\ 
















1 

, i 

' i 


16 




- 




\ 




















17 














- 












1 


18 


i 








■ \ 


















19 




























20 




























21 


















> 






> 


r 


22 





Each N.C. CONTACT No. .1-30 is connected through a 47fi, k^. resistor 
to Chassis Ground. K r7 



CC RELAY - N.O. CONTACTS . \ * 



Item Name . i,' item Ho. 

SHEET 3 OF 3 

Date 1 MAR 73 By JPN 



• 


( 


-onnected Item ' 


This .Item 


Connected Item 


This Item 


Use 


No. 


Pin 


Cable Wire 


Term 




t Use 


No. 


Pin 


Cable Wire 


Term 




T23 


2 


T 


BLU (GRN) 


23 




Tl 




' 9 


^BWJ (BLK) 


1 




T24 


2 


,U 


GRN (XTR) 


24 




Tl/ 


2 


le 


BLK (BRNT 






T25 


2 


V 


BLU (BLK) 


25 




T3\ 


2 


11 


ORA (BLK) 


3 




T26 


2 


w 


BLK (BLU) 


26 




T4 


2 

V 


12 


BLK. (ORA) 


. 4 ^ 




T27 


2 




YEL (BLK.) 


27 




T5 


2 


13 


RED (WH) 


5 




T28 


4^ 


Y 


BLK (YEL) 


28 




T6 


2 


14 


WH (RED) 


.6 




T29 ' 


4' 

r — ■ — 


'Z 


r 

BRN (RED) 


29 




T7 


2 


15 


RED (BLK) 


7 




T?0 


\ 
1 


2 


RED (BRN) 


3Q 




T8 


2 


16 


BLK (RED) 


8 • 




GND 


CHAS 
GN 


SIS' 

) 




31 . 




T9 


2 


17 


BLK (WH) 


9 


it 










32 




TIO 


2 


18 


WH (BLK) 


r 

10 












3 a 




Til 


2 . 


19 


GRN (BLK) 


ir 












, 34 




. T12 


2 


• 20 


BLK (GRN) 


12 






- 






.■.-35.>:: 




Tl J 


2 


21 


RED ^( GIN) 


"13 ■ 


■ ■ } • -• .- 


+5V 


1 


1 


BLU • 


3^ 




T14 


2 


22 


_ GRN (RED) 


14 










• 






T15 


2 


J 


YEL (RED) 


15 . 


• 














T16 


2 


K 


RED (YEL) 


16 










* 






T17 


2 


L 


RED (BLU) 


17 




- « 












T18 


2 


M 


BLU^^(RED) 


' 18 
















'T19 


2 


N 


WH (GpN) 


1^ 
















T20 


2- 


P 


GRN (^) 


20' 
















T21 




R 


^^■y>J 

)rED (ORA) 


, 21 
















>T22 




S ^ 


^ORA (RED) 


22 





52 



Item 4* 



p ' CC RELAY PARTS LIST 

1 36PDT T-Bar Type 801 Electronic Controls No, 36C24 
^ 65 1 kn, 1/4 watt, 5% reslstots (36 29) 



3f 



59 



53 



Item Name : ' 



, Item Na« 



Date ID P^c 73 ^7 <3, F, 



Cowrie 
Switch 



O - 

Trr„< 



0 



+ 5V 



AC 

e 



0 



1 I 
y < 

4c AC 



P 0 ft— 



t- -I 



I 



Iff/ 
Q 



Connected Item 


This 


Item 


use 


No* 


Pin 


Cable wire 








* / 
/ 


/ 




1 






1 










ov 


1 
1 


1 ^ 


• 


3 




^ f C II 


1 






4 






t."r 

\~- 


r) 




5 






f 


r£ IS 




6 




>lc' 




/ 




7 




Ac 








8 












" 9 







/ 



60 



54 



7 //4>K 




I 
I 

4 

White- -^Z- 




fZoTAfKy SWITCH W/if=-irfC * 

/^^T/if^ sw/r^/^ W/^F£i:> ' 
/ ^jt;^ /a.H/^ "Tk-rA^ /^'e^/sTo/t, (^^rwsefJ Usr c^'t:^^/- '^^-jry^ 

* Item Numbera 6-10 are unaaslgned. 



ERIC 



55 



> 



61 



M> Sef 73 



((^ML/l& TYPE -jcto r/MG-f f^) 



o 

7 WM . 



GC SIGNAL 



I V >eo> 



— — — H?^ 



•^3 



3 



04 M 



ERIC 



62. 

56 



-(3) V 



- — M!t) rn 



3) c 7 



0 V 



Rep/ 




ANAIAB TYPE 700 PLUG-IN MODIFICATION PARTS " ^ 

1 Amphenol 17-10150 15 pin Connector* - ' * - 

Connection- Sensing Parts: 
1 Cable #79 CC 

1 Sigma 4PDT-24 V Relay • \ / , 

1 Sigma AD-24 Relay Socket 

1 relay-mounting bracket • \ ' 

DiaJL-Sensing Parts: 

1 Cable 7/79 ' 
1 Amphenol 17-10150 15 pin Connector 

"B Volts" and "A Volts," each: ' . . " 

^ ^ ^ ^ 



1 Centralab Series 4000, 17-position, 1-pole, shorting type 




rotary switch , 
16 1 ki;^, 1/4 watt, 5% resistors 
X 5 ki2, 1/4 watt trim resistor 
"TIME": 

1 Centralab Series 4000, 22-position, 1-pole, shorting type 
rotary switch 

21 1 kS2, 1/4 watt, 5% resistors 

"A PREAMP" and "B P,REAMP," each: ^ 
1 Oak Series F, 6-po^Uion, l-pole; non-shorting typ^ rotary switch 
5 5,6 kS^, 1/4 watt, 5% resistors 
1 100 kii, 1/4 watt trim resistor 

"TRIGGER .SOURCE": 
1 Oak Series F, 8-position, l-pole non-shorting type rotary switch 
7 5.6 k^^, 1/4 watt;, 5% resistors 
1 100 k^, 1/4 watt trim resistor 

. 63 

■ N • 57 



"SWEEP MODE": 

X 1 Oak Series F, 6-position, 1-pole non-shorting type rotary switch 

5 "5.6 kQ, 1/A watt, 5Z resistors 
1 100 kil, 1/4 watt trim , resistor 



V 



ERIC 



o 



64 

58 




pi/ 

m 

m. 



ERIC 



65 



EXACT ZS J /V/^CnCW Qff(\/Wf^7VKX 



fforroM 



BL« f =^ 



4uy 




/A/r. 




66 



v60 




<?) r/? 



(J) r;^^ 

- I 

^2(3)^ CC 3 



p6u ZH- r- 



U 



FUNCTION GENERATdR EXACT MODEL 251 MODIFICATION PARTS 
Dial Sensing Parts : 

♦> ' ' . '' 

1 Amphenol 17-20090 9-pin Connector (Top, Right) 

For ''TRIGGER" : ^ 
1 PA-60 switch wafer (2 positions: ground and -t^^^^Vl^V) 

For "MUI^TIPLIER": . * " . 

1 PA-60 switch wafer 

/ • w - ' '■■ ' . 

"6 1 kS^, 1/4 watt, 5% resi/^tors ^ 

• •. . ■ - .- " 

1 15 kQ, 1/4 watt, 5% trim resistpr 
For "CYCLES/SEC": 

1 3-sectiQns IRS-CTC potentiome|;er : 30 W2, 20 kfi, 25 Jsft trim resistor 

"For "OUTPUT": . ^ V 

1 ' PA-60 switch wafer: 3 1 and 1 18 kQ trim resistors ^ 

For "ATTENUATOR": 
1 Ohmit Dual 100 k^2 Potentiometer 

' . ■ * .< . . 

* For "DC .LEVEL": 

1 Mallory RU-5AUf353 3-section Potentiometer: 1 FP14R, 1 USA3, and 
* 1 SL45 > ' • 

Connect ion-* Sensing Parts: , ' 

1 Cable //81CC , ' . 

1 Amphenoy^l7-20090 9-pin- Connector (Battom, Right) ' 

2 Sigrpd 4PDT-24 V relays ., ^ ; 
2 Sigma AD- 24 relay sockets 

mounting bracket - - / . 




ERLC 



61 



67 



r 




OUTFiJT-f^-T. 



I 



Output 'Lr <er"^^^S_f^_ 



/ 




HP 26OAB AUDIO 'OSCILLATOR MODIFICATION PARTS" 

; ' ■•, ' ■ . 

Amphenor 17-20090 9^pin Connector 
Coim^ction-Sensing Parts: , * 

1 ^Bable ,#83CC . ' ' ' / ^ 

^ ^ ' ■ . \ ■ ' ^ ^ ^ - / 

• ^ 1 Sigik 4PDT-24 V Relay . V- . 

i Sigma AD-24 ReJLay Socket 

1 relay-mounting bracket 

Dial-Position-Sensing Parts: 



/ 



/ 



."AMPLITUDE," 019 



1 Ohmite^'AB Dual 25 kX2. Potentiometer 

v- ■■■■-/■■ • ^ 

"RANGE," D20 - ^ . 

' ■ ■ ' >* 

1 Centralab AD, 6-pos:j.tloh, 1-pol^e shorting switch 

3 ,1.5 kn, 1/4 watt, 5Z" resistor^ 

1 100 ki^ trim resifitpr ^ 

"FREQUENCY," D21 

1. Ohmite AB 25 icSKPotWtioineter 




'69 



63 



Dial 
^AMPLITUDE 



I0# 

D19 



Equipment 
Pin # 



.Wire 
Color 

gray 



Connector 
Pin 

D-19 



POSITION 
LABEL . 

0.% 
5. 

10, 
"15. 

20. 

25. 
\ .30. 

35. 

40. 

45. 

50. 

55. 

60. . 

65. 

70. 

.75. 

80. 

85. 

90. 

95. ' 
100. 



READING UP 
0 100% 

VOLTAGp 
READING^ 

I.IQ 
"1.11 
.1.53 
i.92 
2.33 
2.66 " 
2.98 
3.26 
3.63 , 
J3.95 . 
4,. 31 • 
4.67 
5.08 
5.43 
5.76 
6.10 
6.41 
6.79 
7.13 
7.44 
7.62 



READING DOWN 
100 -»■ OZ » 

VOLTAGE 
READING 

i.io 

1.15 
>. 1.58 

1.99 

2:40 

2.73 

3.02 

3.38 

3.67 
. 4.02 
, 4.37 

4.78 

5.12' • 
'5.45 

5.84 

6.12 
.6.48, 

6.84 

7.21 

7:53 

7.62 



LETTER 
CODE 

c - 
c 
d 
f 

8 

h 
1 

J 
k 

1. 
- m 
o 
P 

r 

s 
t 

u 

V 
V 

V" 



Equipment 
Pin # 



RANGE 



D20 



Wire 
Color 

white 



Position 
Lab^Bl 

x200 
xlOO 
xlO 
XI4 



Voltage Letter 
Reading Code 



2.03 
1^72 
1.41 
1.10 



f 



3 OCT 7-9 



iHPlfT 



outpirr 




x: 



GH 




•IS- 



8 




BLK 



WH 



0^ 



i 




H 



ERIC 



71 

65' 



>rVM HP 400D MODIFICATION PARTS- 

1 Amphenol(, 17-20090 9-pin Connector . • 

Connection- Sensing Parts: 

1 Cable //84CC . 
1 Sigma 4PDT-24 Relay 
1 Sigma AD-24 Relay Socket 
^1 relay-mounting bracket 
Dial-Position- Sensing Parts: 

"RANGE," D22 * ^ 

1 Centralab AD, 23- posit ion, 1-pole shorting swit9h PA-4000 
11 1 kfl, 1/4 watt / 5% resiB^tors 
1 20 Jdi trim resistor - ^ . 



ERIC 



. 72 

M 

66 



t 



Ih'ocr -73: ^ 



: HA^izjs^N S'^^S PC su^iy 

<: 5 £* MOD I Pi QA^ldH SCHeMA TIC 



oA^j ^^A^in^ 



'3 



4; 



^ 



ERIC 



BLU 



Rep 



Bin 



8 , 



4; ,, 



^3 
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WH 



Fz6 



ORh 



HARkiSON 865B DC SUPPLY' -MODIFICATIOl^PARTS ^ 

1 Amphenol 17-20090 9-pin Connector - ' 

.Connection-Sensing Parts: * . . , . 

1 Cable #85CC / ' ' 

. 1 Sigma 4PDT-24 V Relay 

i Sigma AD-24 Relay Socket 

1 relay-mQunting bracket 

Dial-Position-Sensing Parts: 

"METER," D16 • - * ^ , . 

1 . Centralab AD, '4-position^ l^pole shorting switch 

3 1;5 Td2, 1/4 watt, 5% resistors 

1 100 Un trim resistor 

"VOLTAGE," '.Dl 7 \ ' ^ 

^ 1 Ohmite AB Dual 25 kO, Potetitlometet (1 is used for dial position Sensor 
* the other is used f or^ Power Supply voltage control) 

"CUilREiJt^^DlS , 

1 Ohmite AB Dual 25 kQ Potentiometer (1 is used. for dial position sensor 
the other is used for Powet Supply current control) 

■ . / 
/ 
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ORCUif Bqnkp^ sockbt / 

pARrs Ljsr; * 

Cu\Mp//^htD /I-SILJ .U<Kii4<^ ^^s£Mei./. , ^' ; 
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ri 
rz 

TS 
TS' 

T8 

Tf 

TIC, 

r// 



/5' 



V/o 



BLk! 



e>LU. 
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Si 



6 



■0 



/5 



EXT OUT From PLATO 



25* 



Item Name 
Date * DEC 73 By JPN 



Item No, 



Connected Item 


This Item 


Use 


No. 


Pin 


Cable Wire 


Term 


1 


aATA 


1 


4 




1 




CLK 


I 


5 




2 




WORD 
END 


1 










6ND 




A 




4 




II 


1 


A 




5 




II 




A 




6 












7 












8 












9 





PARTS: 



6' of #22 AWG 3 Twisted -Pair Cable 

*> . ■ ■ . 
f? - ' - 

1 Connector for J26 PLATO Console Socket 
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* Item Numbers 18-24 are unassigned. 
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EXT IN TO ?IATO 



Item Name 
Date 4 DEC 73 By JPN 



Item 



Connected Item 


This Item 


Use 


No. 


Pin 


Cable Wire. 


Term 




GND 


1 


A 


RED (BLU) 


23 






NC 




/ 


24 








7^ 


















-4— 


































































■ ^ 








































































• * 


















• 










• 








< 













































Connected Item 


This item 


Use 


No. 


Pin. 


Cable Wire. 


"Term 




LSB 
00 


1 


P . 


ORA (BLK) 


,. 1 




of 


1 


.R 


YEL (BLK) 


2 




02 


1 


S 


BLU (BLK) 


3 






1 


T 


CRN (BLK) 


4 




MSB 
04 


1 


U 


WH (BLK) 


5 






NC 






6 

1 




TEST 
BIT 




V 


BRN (RED). 


7 






N(K 


i^:^ 




8 






NC 






9 




CGE 

issi 


1 




N 


RED (BLK) 








NC 


• 




11 






NC 






12 - 




GND 


. 1 


A 


BLK (ORA) 


13^ 




II 


1 


A 


BLK (YEL) 


14 




II 


1 


A 


BLK (BLU) 


' 15 




II 


1 


A 


BLK (CRN) 


16 




II 




a' 


BLK (WH) 


17 




' II 


1 


A 


RED (ORA) 


18 




II 


1 


A 


RED (BRN) 


19 " 


*> 


II 


1 


A 


RED (YEL)" 


20 * 






'NC 






21 




>GN6n 


( 1 


A 


BLK (RED) 


22 





W V/i. I' ""Wf --r - — tr ^ » 

1 fconnector for J26 PLATO Console Socket 

" 71 ' ' 



used) 



JP/ 6 Nov. 73 GENgRA L PURP05E ' CIRCUIT BOARD */ ttfn/ 31 * 



- / • 












o 


o 

. 2 


o 

3' 


4 


5 




o 

6 


o 

" 7 


, o 

8 


o 

9 


o 

10 




• • * 

. 11 • 


i 

o 

12 




o 

14 ^ V 


15 





Pin 


Cable Wire Color 




Pin 


Cable Wir« Color 


I 


YEL 


Tl 




9 


BRN 


T9 




WH 


T2 




10 


TAN 


no 


3 




K 


11 


WH/RED 


Til 


4 


RED " : ' 


T4 


i t 

1 


12 


-WH/YBL ' 


T12 


: 5 


BLK ' 


' - T5 


\ 


13 




6 


WH/GRN 


T6 




14 


RED/BLK 


T14 


7 


WH/BLU 


-T7 ' . 


0 


15 


REp/GRN 


T15 


8 


WH/BLK - 


T8 

6 









PARTS: \" • ' 

1 Micarta,Boa_rd 8"L x ,5"W x V'T • ^ ' . 
4 Brass spacer V Dla. x 1"L with machine screw bumpers 
14 Johnson. 1 11-104 6-way green glndlng posts 
1 Amphendl 17-20150 Plug, 17-311-01 Calbe clamp - ' 
3'15 Pr. #22 AWG Cable 

^ O ' ' ' ' ^ 72 78 . - 

ERJC * It«m Numbers 27-30 ar« una»ilgn«d. 



By 4.rhlifAL 
Dat e 'H- Aua 1/ 



ITEM NAME 



ITEM NO.^SZ. ._ * 
.Sheet / of / gheets. 



-AMr 



^ O 



o ^ 
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fO- 



Cable Conn«ctor: Amplienol 17-311-01 with latches 



7 



Pin 


Cable Wire Color 




Pan 


- Ca]3le Wire Color 


1 






9 




2 






10 




3 






11 




4 






12 




5' 






13 


V . * ' - 


6 






14 


.•^ . ^' 

■ -.'^ " 


7 






15 


/ 


8 









^y^^ss Sf^^'^^ y^"Pi^x l"L w/0^M(ifirs 

iO ^/\cKS HT'lfJ'. 
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ITEM NAME-' 



ITEM NO. 



33 



Sheet y.^of / sheetis. 



I Q A /W— — O -^(-^^— O 3 



Cable Conndctor: Amphenol lJi-311-01 with latches.' ' ^pTiPf Zl^^ J^c/C$. 



Pin 



Cabli Wire Color 




Pin 


Cable Wire Colbr 


9 




10 




11 


■ ■ . 'v ' . " 


12 




13 




14 




3— 

15 
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Date ;e /lf>JZ TJt 



CIRCUIT BdAJlD 




I Or 



__ — ^—i^-^^. — __ 

Sjf,0 /ynH 



3 

o 



i 



Pin 


Cable Wire Color 


1 


at^p^ ' ri 


2 




3 




4 




5 








' ' ■ 




8_ 


\/ ^ = ^ . 



Pin 


Cajble Wire Color 


9 




10 




11 




12 




13 




14 




15 





ERIC . 
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By </ P ^ffAl 
Date ij- AtJ^ II 



ITEM NAME. / IT£M NO. ji^ 

1mfmA!!^_ 3mp ' Sheet _L ^^^^^ 



J 





IMPEDANCE 




* Cable Connectpr: Arnphenol 17-311-01 with latc>^. 



Pin 


- Cable Wire Color- 


" V 


— m 


2- 




3 




4 




5 




6 




7 




_8_3 
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Pin 



10 



12 



13 



14 



15 



Gamble Wire Color 



3l '^:.^K J F.EO 



By J/W 



dmcurr board 

TWO fi/HT ft/eni'a?*: 



ITEM NO. 3^ 



Sheet / of / sheets. 




ERIC 



Pin 


IP " — — » 

" C^ble Wire Color 


1 




T/ 


2 






3 


' . ' '-f 




4 




Tff- 


5 


<^ q 






6 




— — — -^-^ 


7 






8 


\ . I ■ ' ■ ■ 



Pin 


Cable Wire Color 


9 


p ' 


10 




11 




12 




13 




14 


V 


15 


\ 


. ■ ■ U V j 



, 6> 'Tyt'C- %7i:-J J/rcf<j> ' \ \ ■ • 

. / / i^'tr.i/zi ro /z i'C-o /^W — 
■I f . ^p4l<--/-rc*^^ ■ 77 
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V 



By \,M6Al, 

Dat e I^AOC 7/ 



ITEM NAME 



•ITE^ NO: 37 
Sheet / of / sheets. 




THEVENIN BOARD 



Cable Connector: Amphehol 17- 3 1 1 - 01 with latches 



Pin 


1 

Cable-Wire Color 


1 


' •] ' 


2 




3 


. • . i i. ILO (/•/ 


4 




'5 




6 




7 




8 




\ - ■ . ' 



\ 








with latches- 










Pin 


Cab^e Wire Color 




9 






10 




1 


1 1- 






12 






13" 






1 


1_4_ 


'.' ^ 






15 







8i 



er!c\ 
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By yieAi- ITEM NAME , ITElM NO. 3i 

Dat e f>?i^7y ^0PgfiPoS(ri^f4 BOARD Sheet^_ of J_ sheets. 



I 



SUPERPOSITION ClfW:UIT 

Pn6 



'Diode: IN6 47 or equivalent 
SW3. SW4. SPST (2) 
Swj, SPOT (2) 

^ R^;- 3300a+5%. 2w (3.) ' 
R R 200jv + 5%. Iw 
C, 0. Ol^if at 600V, tubular paper 
Type . 274J jacks (GR) (4) 



Iw, 



200A 




5% r»M|y y 




2f 



SSOOJl. 

»2w " 



'•2 

200iL 

5% 



Cable Connector-: Amphenol 17-311-01 with latches. 



0 

EMC 



Pin 


Cable Wire Color 




Pin 


Cable Wir« C^olor V 


1 






9 • 


^ : • 1 


2 




\ 

■l 


10 


i ■ / 

, r' ■ 1 • 


3 


ii£LU3\/J 




11 




4 






12 


-\- :\ 


5 






13 


■ 1 

. ■ 
• 1 ^ ^ 


1 

6 




1 ■ . 


14^ _ 






7 




i 

> 


15 






8 
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CHAPTER 3 ^ OPERATION OF THE CGE-PLATO INTERFACE SYSTEM ' ; 

3*0 Use, of the PLATO EXT OUT ComJ^ ' * - 

Xhis operational description refers directly to the ten sheetd of 
; schematic diagrams in Section 2.3, p. 2i-30- Signal flow should b6 followed 
on schematic diagrains as the operation ii described, • A component 
number followed by a sheet numb^er refei^js to one of the schematic diagram * 
sheets. f- : * / 

(1) When an e|cT ^pmmand lis- executed in a CGE-PLATO program, the EXT OUT 
data, channel connectdr on j:hi^ back side, p'f the PLATO IV Console, Se'tial No., 
324, delivers a flftefen-bit data word sWialiy^ highest-order bit fir st\ into 
the shift register SN74L64, Sheet 1 of thk schematic diagrams. However, only 
the lowest-order eight bits are retained in\the latch SN74ipd, Shdet 1. 

(2) Each setial input to the sKlft' register consists Of .a three-bit 
binary- word in negative true logic ad follows: 

, ^ " Bit / 3 . 2 * 1 

^- Code WE CLK DATA ' " " - 

where , \ WE means Word -End Bit (called EXT TRANSFER by^PLATO) V ' 

V ^CLK means Clock Bit 
DATA mean^ Data Bit - " \ ^ 

Serial signal timing is $hown in Figurje 8. * . 

' (a) The' clock bit sequenced the shift register and' sets the 

^ - • 

simultaneous d^ta bit 'In the lowest-order output .bit posJitioh of the 
shift register.' , . ^ ^ . ^ 

. ^ (b) As jLllustrated In Figure 8,. the Word-End Bit regains low until 
the^ 15th data,bit is beii|g sent, then its 2-ys ijpulse causfcs the latch 
SN741QO to store and output the .highe6t-order seven bits of the shift * 
regi^er. ' . ' . * * * - / ' ' 



FOR PLATO IV CONSOLES .W1T1^.;ID NO.' ^262 



Continuous: 
CLOCK 



Continuous : 
DATA 




Onlf after an EXT; OUT word: 

EXT TllAWSFER-^ 
Called Word End by CGE 



ERJC 



Fig. 8. PLATO EXT OUT Signal Timing. 
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(3) . The format assigned by CGE to *the eight-bit binary number output of 
the latch can be displayed as follows:' • . 



Bit Wo.: 8 7 6 5 4 3 

DC CC 5 bit address 



2 1 
^) (Parity) 



(a) Bits 8 and 7 order ^he CGfl interface to operate as follows: 
Clear the CGE interface 



Report the first terminal found -connected to the 
addressed terming, after checking in sequence from 
ttiC^dressed terminal to higher-numbered terminals 



14)' 



I ten 



Report the setting of the dial addressed. 

(b) Consequently, Bit 7 is called CC f.or. Connection 'Check and . 
Bit 8 is called DC for Dial Chefek. When Bits 8 and 7* are both 0 all CGE 
outputs and' relays are deactivated. ' - 

(c) Bits 6 through 2' form the ^ive-t)it binary address of the' 
partilcular terminal or dial to be reported on by CGE. ' 

Bit. 1 is a parity bit usied by the PLATO terminal' ^nd is 
disregarded^ by tbe CGE system. v ' 

3. 1 , Summary of a Single Connection Check Operation ^ 

(1) An EXT CO-FL^TO signal 01xxxxx (i^ biuary form at CGE) says, in 

effect: Begin with' the terminal 'next, higher in number to the address number 

\ ^ . - ^ 

" ■ \ ' ' • * ^ n 

and\mea^ire the externally-connected resistance between that ^he connected) 

\ \ . \ * 

ternliri^l a^d the addr^sfeed ternjinalk I ^ 

by thVwHeatstone Bridge ^llj.B. 
than 36 ohjng, report to 'PL/|to 



(2) Jf tl^ resistance measured 
^chematic diagraitb^^heet 2) is less 
"9f jthe bonnectjed terminal. , y 



on 



l:he number 



(3) If the resist tance measured by W.B. is ;gre^ter ^han 36 , ohms, sequence 

d . ' ' ' . ■ : - ■ \ ^ 

^an4 connect tb .thl next higher-numbered termlliai aind repeat the W.B. measurement i 
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) 

\ 



(4) Conduct this search cyclically through the entire thirty terminals, 
sequencing from terminal 30 to terminal 1, until a connection to the addressed 
terminal is found and reported, ffence, if no other terminal is connected to ^ 
the addressed terminal, the hardware will sequence through all tlie terminals 
(in about 3 ms) and simply report that the addressed terminal is connected [po 
itself. - If other termii^als are dktemally connected to the addressed terminal, 
* the hardware will report the numbe\ of the connected tetminal next higher in 
number to the addressed terminal. ' C ' i ^ 

(5) Software routines programmed into the CGE-PLATO lessons determinQ 
what PLATO does with the report of the next connected terminal, fjrom CGE, ,and 
establish the next PLATO command. , 

(6) If the next EXT signal from ifLATO is either 00xxk3pc or l^yxxxx, the ^ 
connection checker system is deactivatied. ^ 

(7) The step-by-step signal flow |)f a Connection Check command through 
the CGE-PLATO^ interface hardware is sui^arized on the accompanying flow- 
chart, Figure 9. 

3 2' Detailed Flow of a Single Connection Check Operation 

-(1)/When a connection check signal is received from PLATO, the EXT 
TRANSFER , (called WE for Word-Endlin CGE) pulse goes higlj before the CCO 
output of latch SN74100, Sheet 1, goes higli. Timing 6f the, EXT pUT - 
s*erlal-data 'S'ignals is shown in Fi-gure 7. - ^ ' 

(2) Output IQ of Monostabie #1, S!f74123A, She^t 1, goes high with the 
falling edge lif the- :>-vs WE pul$e, lebause ehe CCO signal' at Input "IB.is 



high by that jtlme. , The 



5.5-sec{>nd length c|f the IQ output pulse ip ^ 

e of 



testarted at kach eijding ^r^^ pulse, in each check j)f a sequence 

.89 . i\ 



■ \ 
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\ PLATO requests a Connection Check of Terminal N 


\ 




1 


Set the Addressed -Terminal and Connected -Terminal 
selectors to Terminal N 










Advance the^ Connected -Terminal sele*ctor1o the next 
Terminal Number (Terminal . 1 fot lows Terminal 30) 




* 


.. h , . _ 


Is there a connection between Ternriindl N and the. 
newly selected Connected -Terminal ? 






Yes 


No 




Report to PLATO the number of the^'newly 
1^ selected Connected -Terminal Number 





Figi re 9 CGE Hdrdwate Pir-ocessing of a PjLATO Connection C^ip^k Reques t 
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connection checks. If no EXT signal is receive'd frojj/^LATO within 
5.5 seconds, the IQ output will go low automatically and deactivate the 
CC system through ^the subsequent CCl signal as a safety precaution, even _ 
though the CCO signal output of latch SN74100 remains high. . 
1(3) Output IQ of Monostable #1, SN7412^A^ is adtjed with CCO to 



Ql. and .^1 closes the^ferouAd path to 




produce the CCl sigha|.- This CCl signal coi^trols the terminal deactivatlpn 
system (Sheets 5 and 6), and the clock-countWr system (Sheets 2^ and 3| 

producing the CC donnepted- terminal address. In the GC clock system-, the 

*« • ' • ^ *^ ' ' " 

CCl signal releases the preset of Monoatable 1, SN7476, Sheet 2, sp-^t can 
be clocked later by the IQ output pf SN74123B, Sheet 2, 

(4) Consider the termitial deactivation system b^gini^ng^ on Sheet 5. 
The CCi signal turns on transistors! 

the CC relay, Sheftt.^.T"n52 causes the 62R2-24 V .dc relay to operate and 
p^CT^uce the 24 V ^2 Sj.gnal which^ causes all the 62R4-24 V dc terminal 
deactl^tion relays, Shfeegts 5 and 6, to operate. 

, (5) When all 62R4 relays. Sheets 5 and 6, have operated, the .24 V CC2 
signal ^jgassing in series as the CCS signal through one normally-opened 
contact onyeach of those relays, is sent as the CC4 signal to the Cp^lay 
boil, Sh^t 4, and causdS' the GC £elay .to operate. 

(6) Operation^of the 36PDT CC xelay. Sheet 4, connects the thirty 
deactivated terminal's of the experimentation equipment. Sheets. 5 and 6, »o 
the inputs of the address-terminal L02*>, Sheet 2, and the connected- terminal 

L02^s, Sheet 3. ^ i ^ ^ 1 * . 

' (7) The 62R4 terminal deactivation relays disconnecjd the^ instrument 
terminals from. the interior cirCjUits of the instruments and connect the 
thirty instrument attd circuit bdard terminals- to the normally-closed contacts 
of the CC relay'. During the short interval between the operation of the 
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62R4 relays and the CC^^relay, the A7 ohm grounded resistors permanently 
connected to the ntormally-c4.osed contacts of the CC relay cause any charges 
or currents in the experimentation citcuit to be drained to zero before the 
* CC relay operates. This is essential, because the solid-state switches, ' 
Sheets 2 . and 3, will not tolerate high voltages (see ratings of, Inselek LG2 
andj^oy^^ . / ' ^. ' \ 

(8) Operation of ^He CC relay^. Sheet, A.^alst^ sends the + 5-V CC5 signal 

to input' IB, SN74123B, Sheet 2, causing Output IQ to deliver a 23 ms, + 5 pulse' 
This pulse width is provided to allow all relay bounces to settle to zeroT 
The falling edge of this pulse clocks Monos table 1, SN7A76, Sheet 2. 
Subsequently, the IQ and 2Q outputs of SN7A76 and the 2Q output of SN7A123B 
are all, high and are added to d^eliver + 5 V to Input IB of SN74123C, 
Sheet 2. This starts the CC clock formed by Monostable #2, SN7A123B/-and 
Monos tables 1 and 2. of SN7A123C/ Sheet 2. The IQ output of SN7476 also 
sends the 'CC6 signal to the CGE output network. Sheet 9, " ^ 

(9) Meanwhile, the SN74193A and B counters. Sheet 3, have been loaded j . 
with. the terming addresfe received from Latch SN7A100, Sheet 1, by the WE 



^ero pulse. Consequently, at this time the addressed-terminal L05*s , v 
Street 3, and ,^the connectei-ferminal L05*s, Sheet A,^ are both set ^td'^fhe &ame: 

. • - . a 

addressed terminal. This terminal, addressed by "PLAtO, is called Terminal N 
♦ • • 

hereaf ter» /* . ' k 

(10) The period of the»CC clock consists of three distinct pulse lengths. 



and 



each pulse length Is 34 {is in lefigth. ^he + 5 V signal into l i of 



SN7H23C star.ts tjhe first pulse lo^ the CC clock period, a iero pulise at i 



2B ai(d 



Starts 



the • 



tit but 1,Q. The trailing edge of that zero pulse drives Input 

I - I ' ! ' ' 

• the second pulse of the CC clock, Monostable #2 of SN74123C. 'Also, 
trailing edge of the first pulse counts the CC counter composed of SN74193A 

• ' , 86 X ^ 
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and Bj Sheeui, advancing the connected-termfnal LOS's to Terminal !• 

■ ■ ■ ■ " ; ■ 

The. second pulle drives Inpiit 2B of SN74123B. The trailing edge of the 

■' . ' • « 

second pulse starts the third pulse of the CC clock at Output 2Q of SN74123B, 

4 * ' ^ ■ „ ■ y * 

During the second pulse, Output 2Q of SN74123B is high and is 'added^^ath the' 

output of the comparator SN7271^, Sheet 2, to. drive- the clear iilput of 

Monostable 2, SN7476, Sheet 2, ^ ^ 

(11) If TertoinafN +.1 is connected to Terminal, .i^^, MoilK^stable 2, SN7476, 

will be cleared, /its output 2Q will go lo\^, anditop the" CC (clodlu as its^ 

output 2Q goes high, sending the.CC READY^ sig^,l inverted to Input^^ of 

SN74i23D, Sheet At that time,^t'he connected- terminal N + ^1 addr^ss^ is^^S^ 

in|^o the SN7450, Sheet 9, output^ system to PLATO • The leading edge of the 

inverted CC READY signal triggers Monostable 1 of SN74123D,. Sbeet. 9, so the 

leading edge of /the zero pulse* of Output IQ' triggers the Monosta^l^ 2, SN74123D, 

which sends a 49 ms zero pulse as the CGE READY signal to* the PLATO console: 

Quite reliably, the PLATO console records the EXT IN data within 15 ms. * 

> (12) If Terminal N-+ 1 is not connected ;4:o Terminal N, Monostable 2, 

SN7476, will not be cjLeared the Comparator, and the trailing edge of f^e^ . 

~tMrd pul§e during the first CC clock period will initiate the first pulse pr_. 

the second CC clock' period a^s Output 2Q of SN74123B drives Input IB of SN74123C. 

As' described above for the first CC clock period, the CC counter again advances 

to make the connected- terminal N + 2. This CC clock and counter sequencing 

continues 4t the rate of about 100 us per CC clock period until a terminal 

■■*"■■' ! . 

c€|)rfn^cted to the addressed terminal. The 'sequencijng wraps around 
fra|iPT:ermiiial 30 to Terminal 1 continuing until a terminal |is found connected ^ 
to Termi|al N- j Hence, if no terminal, jis found connect ed|tc Terminal N, CGE 
will repirt to PLATO within 3' ms that Terminal N is connfec tied to Terminal' N- 




connection, anc 



programmed lesson 



(13) The (IGE software routines process each CC report of a terminal 



order checks of Successive terminals^ as needed in the ^LATO 



far /as the CGE hardware is concerned, the complete 



•check of thirty tetmtnals need only require an initial 23 ms fdr relay bounce'. 
J:q dissipate plus >40 times 3 ms, or a total of abolJt 113 ms. The actual time 
required for ^^^Tp ti order and receive a complete jcheck of thirty terminals 
*is on the or^ec of six seconds becatise the round-trip transmission tlm^ of a 
single CC terminalN^^pbrt thi^ugh the PLATO siJe ^controller to PLATO an<^ ,teturn^ 
is about 200 ms per so^^l transmission. ^ 
3. 3 Summary of a SinglexDial^Chei^^^peration - ^ , 

(li) An EXT DC PLATO signal 01xxxxx (iW^%44iary form dft CGE) , says, in effect: 
Report the dial setting of the address-nymbered diair^'^'^'^hf^ DiaJ Settir^g Codes 
automatically reported by CGfe to PLATO are in Figure 7. 

^ (2) The s^ep-by-step signal flow of a Dial Check .comm^jid through thie 
CGE-PLATO' interface hardware is summarized on the accompar^ying flow chart. 
Figure 10. , ^ . - ^ 

• (3) Software routines programmed' into the CGE-PLATO lessons guide PLATO 
to store the reported dial setting and request the setting of tl^ next dial. 



It is unnecessary to tuirn any hardware Zff after sending any dial setting. 

3. A Detailed Flow of a Dial Check /' ; 

(1) When a -dial check signal 10xxxxx is received from PLATO,, the DC signal 

■ ' I I " ■ f ^ • ■ . 

from Output Q8 oJ^ the latch SN7410j6, Schematic Diagrams, Sheet 1-^ triggers a 

40 ps pulse in Monostable^ #2, SN74123A, Sheet 1. The leading idg^ of thife 40 



puise resets the Analog-Digital Converter ADC EconO]|lrrt^^ Sheet 7, while 



senspr address output of the latch '1^N7'4100,. Sheet 1, causes the L02's, Shaet 1^ 
to connect the dial' sensor adaresse<i thyougtV the buffer amplifier, S(R^274]., 



the 



V 



Sheet 7, to Analog -Input 12 of the ADC* 



88 



ERIC 



94 



PLATO requests the Dial Setting of the Dial N 




1 ■ i V 


Set thC Addressed -Dial selector tb Dial N 


'4 


** 


40^s delayu to, perrnit the analog signal frorn • 
Dial N to propagate to the A/p Converter 




0 

1 ■ ' 


Convert*th6 analog* dial sensor 
signal to a binary -number gode ' 


>' ■ 


/ 


Report the code for the setting of Dial N tp PLATO 




' (2) The falling edge 6£ the 40 \xa pulse cat^ses the ADC to convert, i.e., 

9utput the binary digitajb number corresponding to the input dial sensor - 

. ■ "■ . . . ' ' 

voltage. This sensed dial setting code ia set into the SN7450, Sheet 9, output 



system to PLATO, 



(3) The leading edge of the inverted DC rerady signal from Monostab] 
V SN74123A, Sheet. 1, triggers #1^ Mondsjtable of SN74123D, Sheet 9, then 
leading edge of the' zeio pulse of Output Ip trilgeirs #2 Monostallfe ylf SN74123D 
which sends a 49 ms zero pulse as the CGE READt signal to Uie PLAm console, 

* v - ■ ' ■ ......--'.-^^^ 

(Juite-Treliably,. the PLATO console records the EXT IN. data withln^IS, ms, w 

V (4) The CGE softivaVe routines process ea^H DC report, and^rder successive^-, 
dial checks as needed In the PLATO programmed Jlessbn, As far a^ the CGE 
hardware is concerned , the complete check of twenty-twQ dials ^need only require 
22 times the 40 ys pulse delay or a total of about 880 ys. The actifal tinte 
for PLATO to order- and receive a compete check of twenty- two dial settings is 
on the order, of four seconds because the rouhd-nrip transipission of a single 

" dial check through the PLATO site coiitroller is about 200 ms per signal 

... \ ^ \ ^' " / / - ■ . " 

transmxssion,' 



* CHAPTER 4 - SOFTWARE. OF THE CGE-PLATO SYSTEM 

4.0 Control of C onnection and Dial Checks by the CGE' Software Subroutines 

As tanV seen from Figures 9 and 10 In the ejtplanatlon of the operation 
of the CGE hardware, one command fromUPLATp for a connection check or a dial, 
check elicits a single responj^e from the hardware. Consequently, a complete 
check of either all the teJml^a^ Interconnect lofts or all the dial settings 
requires a series of cominanda| and responses.* 

The original design of t^le CGE-PLATO Interface performed and reported 
to PLATO a complete check of all terminal Interconnections or all dial ' K 
settings In response to a single command frbm PLATO. Though simple In concept, 
this report of a string of data Into PLATO was"" found to be unreliable, becdvise 
characters pf the string would occasionally- be lost In the transmission. High 
transmission reliability was achieved by reportinjg a single data word in 
response to a request from PLATO -and holding this data on £he line until a , . 
' second PLATO request is received. So far, it has not been found necessary to 
have PLATO repeat back each data word as a check. Though hardware was 
designed to handle such a check, it was not built. 

The minimum amount of hardware and the maximum reliablllty~were achieved , 
with the present system. The CK software subroutines organize and conduct 
each complete check terminal. by. terminal or dial by dial. 

For a connection check, PLATO begins by, asking the CGE station, "To ^ 
' what terminal is Terminal 1 connected?" The CGE hardware. then tests for an 
,external connection between Terminal 1 and each of the other terminals in a 
numerical and' cyclical sequence- in which one follows thirty. If CGE replies 
"Terminal 1," the hardware must have cycled through all of the terminals and . 
fpund that none of them were interconnected with Terminal 1. Instead, suppose. 
CGE replied "Terminal 11." This would mean thai: no terminal between 1 and 11 * 



was interconnected with 1. In this case, PIATO would ask, f'To what terminal 
is Terminal 11 connected?" If one other terminal Is. interconnected with 1 and 
11, CGE would report that^ t;erminal number. If not, CGE would report "Terminal 1, 
The CGE subroutines or'der the connection check in the above manner and • " 
flag each terminal number as it is reported. All terminals, of an interconnected 
set are similarly flag^^d. Such a set is called a node in electrical circuit 
theory. In the above case where only Terminals" 1 and -11 were found in the 

1st node, PLATO would then aik, '"fo what terminal is' Terminal 2 connected?" • 

/' « " ■ . 

CGE would reply, and the queries and responses would continue •until CGE reports 

/ " . ° . ■ ■ • ■ , 

on each of the thirty terminals.^ When, PLATO, in sequencing through th^ list 

\jf thirty terminals, encounters a terminal previously flagged as having been 

repiarted on by CGE, it skips that terminal an^ xesumes its check with the next 

higher numbereci terminal that has not been so flag-ged. Thus, only thirty 

queries aad responses establish al4 the possible interconnections between the 

... ^ ■ ■ 

thirty terminals. 

Compared to a connection check, a complete dial check is quite simple. 
PLATQ simp*ly asks the setting of each dial and CGE reports that dial setting. 
PLAto continues, dial by dial, until twenty- two .queries and responses have 
enabledxPLATO to receive and store the setting of each of the twenty- t*o . dials. 
4.1 AuthoX Usage of the GGE-PLATO Subroutines 

All CGE ekoerimentation lessons] ",use" ^the CK (dhecket) subroutine package 
contained in lessoh. eex00. The various ^subroutines in .this package provide 
CPE authors with sever^ convjernient and flexible means of using the CGE-PLATO * 
hardware interface to auj^^matically check the Jterralnal interconnections and 
the dial settings of the CGE ek^rimentation equipment, and judge the, actual 
setup against author-soecif led correct setups. .Each author' can use the results 
of the connection and diai checks in any manner. he can devise for improving 



8 tudieat learning, Cons^derdble experience indicates that the least instructive 
method is td *slmply display the errors in the student's setup. 

The identification numbers of the terminals and dials sensed by the 
CGE-t^LATO interface are displayed in Figure 4, Dials and Termin^als Sensed 
on th^ RacW-Mounted Experimentation Equipment. 

The* TUTOR commands "do" or "join" are used to call a subroutine. Before 
the can is made to the sub^utine, it is necessary to tell the subroutine 
what .the correct setup is supposed to be. This is accomplished \hrou^ the use 
of the TUTOR command "pack." All CK subroutines expect to find the correct; 
setup codes starting in student vSiriable n33. Thus the following two commands 
first establish the correct' or author setup connection codes and then call a 
subroutine which directs th# CGE interface tx) perform a connection check. 

pack. n33,.aadbb0dd0000c00000000000000c00 $$ packs conn, codes 



do 



ckc ^ $$ performs conn, check 



When the subroutine "ckc" is called, it causes CGE to perform a connection 
, • check, temporarily store the res.uit, judge the st^dent setup against the author 
setup currently in n33, and then sets the number of errors in n47. 

All the CK subroutines return with variable n47 = --(number of. errors 
•\fourtd in setup). _ There are 150 student variables. The CK subroutines use student 
variables, nl through n49. . Therefore NOr CGE experiment is allowed to use « 
student variables nl through n49. 

A Connection Check author setup code is specified as follows: ^ 

■ - r ■ ■ ^ ' ■ 

pack \ n33,+^00a0aba0b0n00n000000000.0000 $$ 30 characters 

\ • ■ " 

\his code specifies the followirtg^ situation as the correct o^author ^etup 
ior the connections:. ' >0Q . 

\' ; , ■ . ■ 

■ o V ' . . • • 
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Terminals 6, 8, and 10 should be connected together as a node. 
Terminals 9 and 12 should be connected together as a node. ^ 
Terminals lA and 17 shpul^ be connected together as a node. » 

Terminals 1 and 3 are "don't cares" it doesn't matter what they are 
connectlpd. to. ' 

Terminal's 2 5, 7 ,11 ,13^15,16 , 18 , 19, 20> ... ,29,30 should not be connected 
to anythj^ng. 

Note the character 0 (zero) specifies NO CONNECTIONS. 

The character + (plus) specifies a "don't care/' 

Any other (jrharacter may be used to indicate nodes; e.g. , a% b', and n were used 

above. \ ' -n 



The dial c^dea which correspond to the |ial settings are listed in 
Figure 7, Diial skttiHg Codes. ' PLATd" lesson ^GERiL i^ also iffeeful for 
determining the aictual settings of dialsw t 

Dial Ch^ck Codes should be packed in variable n33. as in the following 

" ■ • ' . ' ^ . . ' ^ ■. 

example: ! . ^ , ' 



\ 



pack 



n33,d+ac+(def )4-H-(gh) I i I i i I H I M i \ 



This code specifies the "correct setup" £s b0ing: ^ 



r 



Dial 1 


set 


to position 


"d" 


Dial 3 


set 


to position 


"a" 


Dial 4 


set 


to position 


'"c" 


Dial 6 


set 


to position 


"d." "e." 


Dial 10 


set 


to position . 


"g" or "h 










Dials^2,5, 


7,8 


.9.11,12,13,. 


.. ,21,22 " 



I or 



j 



udge any of these as being correct J 
udge either correct ^ 



'fc c^te" judge anything corre'ct. 



iesesi al 



lis 
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Note 'that the group of codes within parent 
settings on a single dial to be ^rrecX*. 
allowing for ^ tplerances when^ specifying the \settifing 
dials. 

, Anotheij method of packing permits an a 
pairs of di^l settings for any two dials whic 

numbers. F<t)r this method, two or more acc 

> 
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bw you to specify multiple 

particularly useful in 
1 ■ ■ * ■ 

^of continuously adjustable 



\or \to 



have 



:aple 



specify various acceptab'ie 
adj acent^ identification 
airs of settings are ' 



1 



I 



enclosed £a angle brackets. For example, conlidpr- the Audio Oscillator. 
For 2100 Hertz, the RANGE and FREQUENCY dials could be set at. 10 and 210, 
respectively (codes bv) , or at 100 and 21, respectively (codes cc). To , 
accept either of these pairs of serylngs , ♦ the pack for dials 20 and 21 would 
^^J>^i ' hvc&^ . The second letter for any pair can be shown as a multiple 
■ setting in parentheses as illustrated in the preceding paragraph. This is 
not true for the first letter of any, pair.- For example, -if 'the' code for a 
pair of dials is entered as c(fgh)de , then acceptable pairs would be cf , 
eg, *ch, or de. 

. - ' * . " . ^ ■ ' ^ '> 

Two basic sets of CGE checking subroutines iare available. The CKC 

series checks a^d judges a student's connections. The CKD series checks and ^ 

Judges a student's dial settings'. Flow diagrams for the CKC series are shown. 

, in Figure 11. The CKD series flow diagrams are ^inj^lar to those for the CKC 

series. ^ i j . * ^ ' . / ^ , 

The following .subroutines comprise the CKC series:* 

CKC Performs a complete connection check, using the CGE interface hardware 
and stores the student setup data. It also judges the student , setup 
.against the currentf author setup in n33 and returns n47 = -(number of errors 
It also initializes the ."Best Match Setup" to the current author setup 
in n33. ' • 

CKCW Same as> CKC but additionally it performs a full screen erase and " 
generates an error display for the student. (w because it writes) 

CKCl Takes the student setup data which were stored by either CKC or CKCW 

and judges them- against the current author setup in n33 and returjis n47 ^ 
as above. If the number of errors found in this setup is fewer than 
that, found in the previous "Best Match Setup" then the "Best Match Setup 
is set to the current author code in n33. , . . 

' CKCIW .Same as CKCl but ,it does, a full-screen erase and generates a. display 

of the incorrect, connections and the missing connections. „ . 

CKC2 Takes the student setup data which were stored by either CKC or CKCW 
• and judges them against the current '"Best Match Setup. It does this 
by automati^lly packing n33 with the, "Best M*tch S^tup." It returns 
n47 as above/"^ 

CKC2W Same as CKC2 but it does a full-screen erase and generates an error display. 



Both the CKC series of subroutine entries and the CKD series 
.'of subroutine entries have the same overall structure. 



( CKC ) ( CKCW ) ( CKC1. ) (CKCIW) ( CKC2 ) ( CKC2w) 











NQ 
PRINT 




SET 
PRINT 
FLAG 











USE HARDWARE To\ 
CHECK STUDENT SETUW 
AND STORE DATA / 



INITIALIZE BEST 
MllTCH TO CURRENT 
AUTHOR CODE = n33 



if- 



UPSTATE BEST 
/lyiATCH Tp . 
/CURRENT n33 



I 





NO 
PRINT 



JUDGE STUDENT SETUP 

Against current n33 

AUTHOR CODE 



YES 




SET 
PRINT 
FLAG 



PACK n33 
WiTHjfuRRENT 

"best match" 



GENERATE 
ERROR 
DISPLAY 












SETn4^ = 






-(NUMBER ERRORS)^ 




-I 









RETURN TO 
CALLING ^GM 



Figure 11. Basle Flow Diagram of the CKC Series of Subroutines. 
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CKD\ 



CKDW 



CKDl 



A " , ■ . • ... 

The following subroutines comprise the CKD series:' 

Performs a complete dial check using the CGE interface hardware and 
stores the data about the student setup in character form starting' in 
variable n30, (It r^pains there after use of the subroutine. If you 
desire to accesd specif ic' dial cod^s, use the TUTOR comaand "move" 
in order to move Characters out individually.) It then judges the 
student setup a^inst the , current author setup in n33 and returns 
n47 * -(number of errors). It also^ initializes the "Best Match Setup" 
^to the current author setup' in n33. 

Same ^as CKD but also a, full-screen erase»^and generates a display showing 
anly those dials which T^efe incorrectly set, without showing the 
correct settings. - 

Ta^es the student;, setup which is stored iti n30 and judges it against . 
the current author setup in n33 and returns n47 as above. If the number 
of \errors found' in this setup is fewer than that found in the previous 
^"Be^t Match Setup," then the "Best Match Setup" is set to the current. 



— code in n33. 



CKDIW . Same\ as CKDl but also does a full-screen erase and gener/a^tes an error 
^ display. ^ ' * ' . 

CKD2 'Takes\ the student setup which Is stored in n30 and judges it against the 
currei^t "Best Match Setup" by first packing n33 with the "Bes t. Match. " 
It th^n return^ n47 = -(number of errors found). ^ 

CKD2W Same ak CKD2 ]j>ut also' does a full-screen erase and generates an ertor 
display. ' 

PLATO lesion CGERL allows experimentotion with the various subroutines and 



with packing cobles . IntQ^ n33. The following examples should be useful, in 
addition to oth^r ^options mentioned above, in helping authors determine what 
tlie author codes should be for a particular setup: 



unit 

-#at • ' ^ 
write 
-pause 

^ pack ' 
do 

jump 



simplest . ^ 

510 * . , 

Set ci\ials and then Press -ilEXT-. 

' * \ $$ wait for student to press NEXT 
n33,/^etupl/ $$ specify author code 

ckd \ $$ perform dial check 

n47,wrqngunit,rightunit $$ then branch on basis, of outcome of 



check 



ERLC 
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unit ' ^ one $$ another example 

at 5X0 ^ 

write Set dials and then Press -NEXT- 
pause 

pack n33ysetupl/ » 

do %% perforin check and judge against setupl . 

pack n33, /set1iii2/ 

do / ckdl $^ judge student setup against another setup 

do ckd2w $$ then display errors made, in the better of the two setups 

next , n47,wrQngupit;,rightuhit , . . 



unit 


one ^ 






i 


at 


510 






write 


Set dial$ and .then Press -NEXT-/ 








next 


check 








" \ help 


helpunit 








unit 


check $$ separate unit for check 


useful when 


you 


don't want a 




%% p^use in the first utlit 


because you 


may 


want HELP or 1 


pac^ 


n33, /setup/ ^ 








do 


ckdw 








ne^t 


n47,wronjgunit ,rig^tunit * ^ 









It is usually desirable td^NOT give an error display aod instead send the 

student to some special help unit on the basis of \ the type of error he made, 

unit one ; ^ * * 

at 510 " 

write Set dials and • then Press -NEXT-. ^ 

inhibit erase $$ prevent a full-screen ;erase f rt>m being done v/hepr-ejcuifteat 

next two ^$ presses NEXT ' * A 

unit >two 

* pack n33,/setupl/ $$ setupl^dddadddddddc f l I i I I I M M 

do ckd ' 

pack ^ n33,/s.etup2/ $$ setup2==^ddd+dA-Mdddd I I I U I I I M 

j^mp n47,x,allright $$ jump if no errors in setupl 
do ckdl 

jamp n47,someother^iaMor7wrong ^ ^ , 

- — ^ — — - -^ • ^ — - — - — --^ \- • 

In. every event/' 'ttae author should be siflre tbe studeh^ is not trapped in a 



loop without advice on how to proceed or repeat som^task, . 

4.2 Summary of the CGE-PLATO Lessons . , 

. Names of the TUTOR 3.anguage. PLATO lessons or files used- by CGE are , given 
below. The ^'inspect" code is cge for all these files: 



ERJC 




cge - A suraiiiary description of the Computer-Gtfided Experimentation ^ 
Research project for general, information. This lesson is accessible ^to any 
student fr6m lesson ^SAMPLE. The CGE station equipment^ is described^ in this 

^lesson. . .. * * ♦ * ^ ^ 

cgeYrl - Thi? file contains COS hardware test routines and information 

f qf CGE authors'. * * ? ' 

eeZUU and eecge ^ These are the PLATO courses assigned to CGE. 
^.cgeindex - This file is the router lesson for the CGE laboratory lessons 
in PLATO courses ee244 and eecge. ^ All CCJE experiments have PLATO names 
beginning with eex, and jire indexed in thijs file and are accessed from this 
lesson. 

cgedata - This is the student data .record file for courses ee244 and eecge. 

■ , ■ ' _ % ^ ■ 

^ eex00 - This is the introductory CGE. lesson which assures that a student 

can communicate with PtATO, is oriented with the laboratory station,, and 

learns the Safe Initial Mode in which the experimentation eqiiipmeijt is to 'be 

set at the beginning of each experiment. The CGE subroutines, used in all 

CGE experimentation lessons, at^e included in thi^ file. . ^ 

eex01 - the Oscilloscope. 

eex02 - The Function Generator. 

eex03 - The Audio Oscillator. 

eex04 - Th^ DC .•Supply. 

eex05 - The Vacuum Tube Voltmeter. 

eex06 - Transients. 

eex07 - Impedance. 

eex08 - Two*Port Networks. 
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